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ABSTRACT
Fish provides a major source of proteins and polyunsaturated fatty acids 
which are known to prevent coronary heart diseases. However, inherent 
characteristics such as colour and texture prevent the effective utilisation of 
some fish, especially fatty pelagics for human consumption. Instead, they
c\ reused for fish oil and fish meal production. For this reason and for
enhancing the utilisation of valuable resources, the physico-chemical
properties, which may be species specific, were investigated in relation to
two Namibian species, namely, horse mackerel ( Trachurus capensis) and 
snoek (Thyrsites aturi).
The results showed that horse mackerel (Trachurus capensis) and snoek 
(Thyrsites atun) contain high contents of palmitic acids (29%), oleic acids 
(25%), and the omega-3 -polyunsaturated fatty acids, such as 
docosahexaenoic acids (DHA) (15%) and eicosapentaenoic acids (EPA) 
(9%). The studies also showed that optimum protein extractability was 
obtained with 5% NaCl at pH 7.2 and the highest gel strength at pH 6 .5-7.0. 
CaCC>3 had detrimental effect on the water-holding capacity when used 
above SOmg.l"1 in washing water,
Agar and sodium alginate extracted from Namibian Gracilctria verrucosa  
(red seaweed) and Lam inaria schinzii (brown seaweed) respectively, were 
also characterised for their physico-chemical properties. Both the non­
treated and treated agars were observed by colorimetric method to contain 
low levels of sulphate, an observation also confirmed by NMR and Raman 
FTIR spectroscopy. Sodium alginate was found to contain high content of 
guluronic acid (75%) by NMR, a good index of strong gelling ability.
The good functionalities obtained as a result of optimising the physico­
chemical properties of fish proteins and seaweed polysaccharides enabled an 
investigation of the interactions of the two components. Studies on the 
interactions of the both horse mackerel and snoek with either sodium 
alginate or agar were undertaken by rheology, differential scanning 
calorimetry and phase contrast microscopy. Large deformation and small 
deformation rheological studies showed a decrease in the gel strength of fish 
proteins with the addition of either polysaccharide at all combinations. The 
DSC results indicated a lowering of the denaturation temperature with the 
addition ratios of increasing amounts of sodium alginate to fish proteins.
Although the mixture of fish proteins and agar resulted in the lowering of 
the denaturation temperature, the shift was not as pronounced as that 
obtained with sodium alginate. The reason for the lowering of gel strength 
and G’ values was attributed to phase separation of fish proteins and 
polysaccharides which was reflected by phase contrast microscopy studies. 
This investigation has resulted in the characterisation of valuable fish and 
seaweed polysaccharide resources from Namibia which could be used in 
combination for the development of new food products.
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1. 1. RATIONALE AND OBJECTIVES TOR THIS STUDY
CHAPTER 1
INTRODUCTION
The are over 80 million tonnes of fish of the total world catch of which 
roughly 36 million tonnes are accounted for by groups of pelagic fish (FAO 
1989a). Of the total fish catch approximately 25 million tonnes are used for 
other purposes than human consumption and it is likely that a very high 
proportion of this comes from pelagic fish landed in bulk. The production of 
fish meal from oily fish is around 6 million tonnes (FAO 1989b) with an 
associated 1.4 million tonnes of oil, implying a conversion ratio of about 
3:4:1. Allowing for approximations, these figures imply that about 70% of 
pelagic fish caught are used for purposes other than direct human 
consumption. In addition to meal and oil, over 1.7 million tonnes of canned 
pelagic fish products are produced, hi Namibia, only two percent of fish (5 
000 tons annually) caught in Namibia is actually consumed locally and the 
Government would like to see this figure increased (Anon, 1991).
In contrast, Namibia does not have a history or tradition of seaweed 
utilisation, although this new and previously untapped resource is already 
being processed at an agar factory in Luderitz (Rotmann, 1987).
There is a growing demand worldwide for animal protein caused by 
population growth and income increase in developing countries. It is 
becoming impossible to maintain stable supply of foods, especially animal 
protein. In order to respond to this growing demand for animal protein, it 
has become important to increase the supply of marine protein. One solution 
to this problem is to utilise low value fish which have previously been used 
as animal feed. In Namibia, a large quantity of Cape horse mackerel is 
caught, but the usage as human food is, however, very low (Anon, 1991). 
Instead it is processed into fish meal and oil. It is very important to develop 
new techniques of processing these underutilised marine protein resources to 
make them useful and palatable.
This study aims to investigate the physico-chemical properties of Namibian 
pelagic fish species, notably, horse mackerel (Trachurus capensis) and snoek 
(Thyrsites atun) as well as Namibian seaweeds (Laminaria schinzii and 
Gracilaria verrucosa). It is important to point out that the study of the 
characteristics of these species as raw materials for processing into food 
products is a prerequisite for more effective utilisation. There are specific 
problems that warrant special attention with regard to fish and that presents 
a barrier to the use of the resources.
• Lack of accurate basic composition information for pelagic fish.
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• Lack of knowledge of the distribution and composition of the 
polyunsaturated fatty acids in the fish species which are of special 
significance to the vulnerable groups of malnourished people.
• Lack of detailed knowledge of the composition and properties of the 
myofibrillar and sarcoplasmic proteins which are essential prerequisites 
for assessment of the potential functional properties offish gels.
The main object of the physico-chemical study of the seaweed component is 
to fill the gap in our knowledge with regard to the Namibian seaweeds. 
Although visits were undertaken by Penrith and Kensley (1970a, 1970b) and 
Kensley and Penrith (1980) to assess the distribution of Namibian marine 
flora and fauna, their interest was mainly zoological and algae were treated 
as subsidiary, hence no physico-chemical comprehensive account is available.
The present study deals with the characterisation of muscle protein of small pelagic 
fishes in order to make proteinaceous food materials from these fish species and to 
interact them with polysaccharides extracted from Namibian seaweeds. The study 
makes use of selected under-utilised fish species and seaweed polysaccharides (agar 
and sodium alginate) to develop models for food products which can be safe, 
nutritious and organoleptically acceptable. It is against this background that the 
rationale and objectives of this research project on fish protein-seaweed 
polysaccharide interactions must be seen.
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1.2. Background on Namibian fisheries and marine resources.
1. 2.1. The coast and environmental regimes
Namibia has a coastline of about 1 500 km, running regularly in a north- 
south direction, with few bays and indentations. The coastal plain is rather 
narrow and mainly arid, largely occupied by the Namib desert. The Cunene 
River and the Orange River are the only perennial rivers in the region and 
they form natural boundaries with Angola and South Africa, respectively 
(Figure 1.1) The shelf area from the shore to a depth of 200 m is 
approximately 110 000 km2 (square kilometre), and about double as much to 
1 000 m. The shelf is widest off the Orange River and off Walvis Bay, and 
narrowest off Cunene River to Cape Frio. The depth of the shelf edge varies, 
averaging about 350 m ( Bianchi et al., 1993)
The coastal waters of Namibia are part of the Benguela system, one of the 
four major eastern boundary current systems of the world. This is a region of 
cool upwelled coastal water found approximately between 15°S and 34°S 
and generated by the intense equator-ward wind stress pattern of the 
Benguela system. The northern boundary corresponds to the frontal zone 
between the Angola and Benguela Current, located off
4
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Figure 1.1. Coastal map of Namibia
southern Angola. The southern boundary of the Benguela system is the 
warm retroflection zone or return current of the Agulhas System Upwelling 
intensity is not uniform in space or in time, as there are short-term and 
seasonal differences in the wind regime, and because of coastline and shelf 
topography. Major centres of upwelling off Namibia are near Cape Frio and 
from Luderitz to the Orange River estuary. The latter is believed to
effectively divide the Benguela system into two regions, acting as an 
environmental barrier to some key species (Bianclii et ai, 1993).
Hie South Atlantic high pressure system is a permanent feature of this 
region, and it is subject to seasonal shifts of its centre, from about 30°S in 
summer to 26°S in winter. The anti-clockwise flow of air around this high 
pressure cell is nearly parallel to the Namibian coast. These winds are usually 
present throughout the year, being strongest in winter and spring. This 
makes the northern part of the Benguela region somewhat different from the 
southern region (the west coast of South Africa) where upwelling is seasonal 
and present mainly in spring and summer. Here, westerly winds unfavourable 
to upwelling prevail in wintertime.
The strong upwelling brings nutrient-rich water to the surface and forms the 
basis of the high primary production that sustains large zooplankton and 
pelagic fish stocks. However, this bottom water can sometimes have low 
concentrations of oxygen due to high sedimentation rates and degradation of 
organic matter, hi some areas, especially in the Walvis Bay region, sulphate 
reduction by anoxic bacteiia is the source of the typical ‘rotten-egg5 odour 
and probably the cause of the reported periodic mass mortality of fish near 
this region. This phenomenon only affects a limited part of the shelf, for 
example off Walvis Bay, and most of the shelf and slope bottom off Namibia 
are inhabited by a rich demersal fauna.
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The composition of the fauna of Namibia is influenced by a variety of 
factors. The strong upwelling characteristic of the coast of Namibia makes 
the area highly productive but limits the fauna in some areas to cold water 
species. The northern part of Namibia borders the rich tropical and 
subtropical fauna of the eastern central Atlantic and some of the species of 
this tropical fauna extend into the northern area of Namibia. The southern 
part of Namibia borders the rich fauna characteristic of the southern Cape of 
Africa. The Cape nominally separates the very rich Indo-Pacific fauna from 
the Atlantic fauna. This area of confluence has representatives from both 
faunas and the fauna of southern Namibia is primarily influenced by this 
Cape fauna and prevailing northern currents.
Much of the literature covering fish and seaweeds of Namibia is influenced 
by works designed to cover the Cape region or by works covering the 
warmer waters to the north. The result is that Namibia tends to be only 
partially covered in each of the major works of the region. There seems to 
exist two ‘school of thoughts’ on the biogeographical status of the marine 
flora and fauna of the western coast of southern Africa. This is somehow a 
controversial topic since the biota have been regarded by some others as 
cold temperate and by others as warm temperate (Stephenson 1948, Eckman 
1953).
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It is important when comparing Namibian seaweeds and fishes with others to 
take cognizancftof the prevailing environmental regimes. Part of Namibia’s 
coastline lies outside the Tropic v of Capricorn. The most significant featur e of 
the Namib coast is that the surface temperature is as low as 10-15°C in 
winter and 12-20°C in summer (Anon., 1964). Isaac (1937a) points out that 
the average annual temperature at Wahtis Bay, just within the tropics, is as 
low as 16.1°C. Bolton (1986) includes 10 year averages of annual maximum 
and minimum monthly temperatures for both Wahds Bay and Luderitz. The 
essence of this is to draw our* attention to the more constant sea 
temperatures in Namibia when attempting to inteiprete and validate the 
experimental results. It is known that the seaweed, in general, undergo such 
marked variations in chemical composition depending on the season of the 
year (though in the Namibian context it will be slightly if any), the habitat 
(Black, 1950), that any analysis of a sample for which the complete history is 
not given is of little value. Similarly, some indication has already been given 
about the relative merits of temperature of environment in which fish live as 
a function of protein thermal stability(Hastings et al, 1985).
1. 2. 2. Fisheries
The high productivity of the Benguela system supports large commercial 
stocks of shoaling species. Three major resource groups have contributed to
almost 90% of the catches since the 1960’s: the epipelagic shoaling fishes 
the pilchard and the anchovy, the semipelagic shoaling Cape horse mackerel 
and the Cape and deep water Cape hakes. Two major industrial fisheries were 
established off Namibia in the 1950’s and 1960’s: an inshore pelagic fishery 
for pilchard and anchovy, mainly exploited by a Namibia-based purse seine 
fleet, and an offshore trawl fishery for the hakes and Cape horse mackerel, 
exploited by a number of nations’ distant water fleets.
Cape horse mackerel are exploited by two different components of the 
fisheries. As juveniles (first two years of their lives) they are caught by purse 
seiners (catches exceeding 100 000 t). Adult horse mackerel are caught by 
mid-water trawlers, together with some chub mackerel Scomber japonicus 
and snoek. Two species of horse mackerel overlap off southern Angola and 
northern Namibia; the main area of distribution of the Cunene horse 
mackerel Trachurus trecae is Angola and northward to the Gulf of Guinea 
while the Cape horse mackerel is found from northern Namibia, to the 
Agulhas Bank. Catches of the latter species were about 46 0001 in 1969 but 
they increased to about 600 0001 in the middle of the 1980’s.
A number of species contribute a by-catch to the demersal fisheries for hakes 
and horse mackerel, among the more valuable of which is snoek (Thyrsites 
atun). As a result of a ready market, South African demersal trawlers
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developed a semi-directed fishery for snoek off the Western Cape during the 
1960s. From the early 1970s this fishery was, however, discouraged by the 
South African government, it being considered that snoek were the 
traditional catch of line fishermen. The contribution of snoek to catches by 
demersal vessels was closely monitored, and from the mid 1970s to 1980 
was not allowed to exceed 5-10% of the catch of hakes. Where it could be 
proved that snoek-direted trawling had been conducted convictions in a 
court of law were obtained (Botha, 1977b). For this reason catches of snoek 
by South African demersal trawlers have been relatively small, fluctuating 
between about 1000 and 10 000 metric tons during the period 1972-1984.
All snoek in the Southeast Atlantic are thought to belong to a single stock 
(Crawford and De Villers,1985). In 1978 and subsequently large catches of 
the species were made by distant-water fleets fishing with demersal and 
midwater trawls off the Namib coast. The condition of snoek deteriorates 
markedly during the July-October spawning season (Nepgen, 1979b). On 
account of this snoek were not permitted to be caught with handlines off the 
Western Cape from August or October to November inclusive from the 
1940s through 1980 (Crawford and De Villiers, 1985). By-catches of snoek 
are, however, inevitable in the catches of demersal trawlers targeting for 
hake and, to obviate the inconsistency of allowing one sector of the fishery
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to exploit snoek when another may not, the closed season for handline 
fishermen was abolished from 1981.
1. 2. 3. Seaweeds
Seaweeds are present on the Namibian coast which lies partly within and
partly outside the tropics on the south western Atlantic coast of Africa.
However, more comprehensive literature on the composition, distribution,
and zonation of the marine algal flora is lacking, except few (Penrith and
Kensley, 1970a, 1970b ;Kensley and Penrith, 1980; Wynne, 1986; Anderson et
al, 1989; Lawson et al, 1990; Molloy,1990; Bianchi et al, 1993;
Molloy 1995) and the reason for the lack of information is not far to seek, 
and Bolton
Along the whole of the coast hes the formidable Namib desert making it 
difficult to reach and extremely inhospitable. In fact, overland access is only 
practicable by the roads that have been built to the few townships along the 
coast. The main accessible areas are around the towns of Swakopmund (22° 
40’S) and Walvis Bay in the centre and Luderitz (26° 38’S), some 450 km 
further south.
The only predominantly rocky area on the coast occurs from Luderitz (26° 
38’S) to Bogenfels (27° 25’S), 80 km south of Luderitz . The rest of the 1 
500 km coast is sandy with scattered rocky outcrops. In the north, from 
Swakopmund (22° 40’S) to the Angolan border, there are few rocky
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outcrops along the predominantly sandy coast. Most of the rock in this area 
occurs in the low intertidal or subtidal and is often inundated with sand, 
resulting in a very low seaweed biomass. South of Swakopmmid is Walvis 
Bay enclave, and immediately south of that is the Namib Naukluft Park with 
sand dunes reaching down to the water’s edge. Closer to Luderitz, the rocky 
outcrops become larger and more frequent (Molloy, 1990).
There are 136 species of marine algae now known from Namibia, as well as 
of certain algae identified only to genus (Lawson et al., 1990). 
Phytogeographically, the marine algal flora of Namibia represents a 
northward extension of the flora of the western coast of South Africa though 
somewhat depleted north of the tropic.
At present there are only two species of seaweed which are utilised, 
Gracilaria verrucosa, Laminaria schinzii for agar and human consumption 
respectively. Others which are of more economic potential include Ecklonia 
maxima, Suhria vittata, Gigartina radula, Gigartina stiriata and Aeodes 
orbitosa. These are important raw materials for the production of alginates, 
agars and carrageenans. Due to diamond-mining areas around the 80 km 
rocky area at Luderitz, only 20 km are accessible, hence at present those 
seaweeds which are available within the non-restricted areas are being 
exploited almost to their full potential. Gracilaria collected around Luderitz 
area has an annual production of 10 000 - 15 000 tons (Anon, 1991).
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Prior to Namibian independence in 1990, management restrictions on 
fisheries have been similar to those applied to the South African fishery 
(Troadec et al, 1980; Butterwoith, 1983).
Many of the fish stocks were exploited by a number of nations. The 
International Commission for the Southeast Atlantic Fisheries(ICSEAF), 
which met for the first time in 1971 were advising on the management of 
shared resour ces. This Commission has divided the Southeast Atlantic into a 
number of divisions for the reporting of catch statistics.
The basis of all major fishery and marine resources’ operations in Namibia is 
contained in the White Paper on Fisheries of 1991. These are initial policy 
guidelines for the short and medium term while gaining new knowledge 
about the resource, market and exploitation technology.
1.3 GENERAL PROTEIN STRUCTURE
The primary building blocks of proteins are the 20 different naturally 
occuring amino acids. The amino acids are arranged in a linear array, each 
being connected by a peptide bond formed between the amino group of one 
amino acid and the carboxyl group of another, to form a polypeptide. This 
linear sequence of amino acids is specifically determined by the 
corresponding sequence of nucleotides in the DNA constituting the genes 
and determines the primary structure of a protein. The secondary structure 
of a protein is defined by the folding of regions of the polypeptide chain into
13
regular structures, the most important structural elements being the a-helix, 
the p-pleated sheet and the P-tum. The tertiary structure of a protein is 
determined by the folding of regions between a-helices and p-pleated sheets 
and by the condensation of these features into compact shapes known as 
domains. The tertiary structure is maintained by both covalent (e.g. disulfide 
bonds) and non-covalent bonds. An additional level of structural 
organisation, termed quaternary structure, exists for the many proteins which 
contain more than one polypeptide and refers to the spatial arrangement of 
the constituent polypeptides or subunits.
The side chains of four of the amino acids are highly ionised and are, 
therefore, charged at the near neutral pH values which exist in most 
biological systems in vivo. Glutamic acid and aspartic acid are negatively 
charged, while lysine and arginine are positively charged. Histidine is also 
positively charged, but is only weakly ionised at neutral pH. Proteins are, 
therefore, zwitterions and the net charge of a protein at a particular pH is 
determined by its content of acidic and basic amino acids and by their 
degree of ionisation at that pH. It is clear*, then, that at nearly all pH values 
proteins carry a net charge which is either negative or positive, depending on 
the particular pH value. In fact, at physiological pH, the majority of both 
animal and plant proteins are negatively charged, but nevertheless, there are 
major groups of proteins which are positively charged under these
14
conditions. For eveiy protein there is a particular pH, known as the 
isoelectric point (pi), at which the negative and positive charges on the 
protein are in balance, so that the protein has a net charge of zero.
1 .3 .1  FISH PROTEINS.
The content of proteins, usually refered to as crude protein is usually 
measured by nitrogen analysis and may therefore include the presence of 
other nitrogenous compounds, such as nucleic acids, nucleotides, 
trimethylamine (TMA) and its oxide (TMAO), free amino acids, urea, etc. 
The flesh of fish contains usually from about 11 to 24% crude protein, 
depending on the species of the animal, the nutritional condition, and the 
type of muscle.
The muscles are composed of several groups of proteins: the components of 
the sarcoplasmic fraction which perform the biochemical tasks in the cell, the 
myofibrillar proteins of the contractive system, and the proteins of the 
connective tissues, responsible mainly for the integrity of the muscles. The 
relative amounts of these groups of proteins depend upon the sexual 
development and depletion of the fish and may fluctuate in the annual cycle 
within a few percent. The yield of these fractions is affected by the 
conditions of extraction, mainly the procedure of grinding, mixing, and 
centrifuging, pH, salt concentration, and dilution, as well as on the degree of
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denaturation and loss in solubility of the proteins due to storage and 
processing of the fish.
1 .3 .1 .1 . Sarcoplasmic proteins
The sarcoplasmic proteins, comprising 20-30% of the total protein, are 
soluble in water or dilute buffers and are of relatively low molecular weight. 
They do not contribute to the water-bolding capacity or gel-forming 
properties of the muscle. More importantly, the sarcoplasmic proteins appear 
to be separately involved in initiating oxidative or Maillard-type reactions 
that most detrimentally affect the organoleptic properties of processed 
fishery products (Connell, 1964; Dambergs, 1969; Spinelli etal, 1972).
1 .3 .1 . 2. Connective tissue proteins
Connective tissue proteins comprise about 2-3% of the total protein in most 
fin fishes. In elasmobranchs, the amount of these proteins can reach as high 
as 10%. These proteins are of little technological significance although in the 
current climate of BSE infection in cattle and banning of beef gelatin, fish 
collagen could he exploited.
1.3 . 1. 3. Myofibrillar proteins
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The structural proteins comprise from 70-80% of the total proteins of fish 
muscle. Actin and myosin probably account for over 90% of the structural 
proteins with tropomyosin comprising most of the remainder. As is the case 
with meat muscle, it is the structural proteins that give fish muscle its 
characteristic physical properties.
The distribution of salt soluble myofibrillar proteins (actin and myosin) and 
water soluble sarcoplasmic protein in fish muscle tissue varies from species 
to species. Fish muscle contains considerably less stroma (the main protein 
found in the connective tissue) than mammalian muscle, allowing the fish 
muscle tissue to form a more uniform gel matrix than the mammalian muscle 
tissue upon comminution with salt. During the post-rigor stage, actin and 
myosin in fish muscle form an actomyosin complex which becomes 
important to fish processing. The salt solubilisation of myofibrillar protein 
with a proper amount of water results in the formation of sol which 
subsequently turns to an elastic gel upon heating. This unique functional 
behaviour of fish myofibrillar protein enables the development of various 
fabricated products.
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Figure 1.2: Diagramatic presentation of the myosin molecule
Myosin: Myosin is the main protein component of the thick filaments of the 
myofibrils and represents 40-60% Of the total protein content (Bechtel, 
1986; Hamm, 1986; Asghar et al, 1985; Ohtsuki, 1986). It has a molecular 
weight of about 500 000 and is a long, linear molecule made up of two 
identical heavy chains (HC) of molecular weight 200 000 and four light 
chains (LC) of molecular weight of about 20 000 each. The two heavy 
chains have a high degree of a-helical content and are wound around one 
another in a supercoiled helical conformation (Figure 1.2). At the head end 
of the molecule both chains are folded into a globular structure which 
contains the sites responsible for ATPase activity and the contractile
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mechanism. Two light chains are asociated with each globular head by 
noncovalent bonds (Harrington, 1979). Some variation in the size of the 
light chains is found in different species of fish. Generally, three light chains 
of molecular weights of the order of 25 000, 17 000 and 16 000 are found 
on SDS electrophoresis (Suzuki, 1981) although greater variation in the 
molecular weights of these components seems to exist than with their 
mammalian counterparts (Seki, 1976; Huriaux and Focant, 1977).
Actin: Actin is the second most abundant protein and is the main protein of 
the thin filaments (Connell, 1968; Shenouda, 1980; Matsumoto, 1980; 
Bechtel, 1986; Asghar et al, 1985; Ohtsuki, 1986). It accounts for 15-30% 
of the total myofibrillar protein content of muscle. As the G actin or 
monomeric form, it has a molecular weight of 42 000 but in muscle it exists 
invariably as the polymeric form as F actin, which has a double helical 
structure.
Tropomyosin and the Troponins: Tropomyosin and the troponins together 
account for 10% of the myofibrillar proteins (Bechtel, 1986; Asghar et al, 
1985; Ohtsuki, 1986) Again only small difference seem to exist between 
them and their mammalian counterparts (Odense et al, 1969; Benzonana et 
al, 1974; McCubbin et al., 1982). The molecular weight of tropomyosin is 
66 000 and its subunit 33 000, while the troponins T, I and C have
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molecular weights of 31 000, 21 000 and 18 000 respectively (Ohtsuki, 
1986). Troponin T is the major site for binding troponin to tropomyosin; 
troponin C binds calcium and troponin I inhibits the enzymatic activity of 
actomyosin.
C Protein: Another protein found in the thick filament is C protein, of 
molecular weight 135 000 (Bechtel, 1986; Asghar et al, 1985; Ohtsuki, 
1986). It is often a contaminant in myosin preparation and is believed to be a 
constituent of the thick filament. a-Actinin is located in the Z disk and has a 
molecular weight of 190 000.
1 .2 .2. Factors affecting the physical properties of fish proteins.
There are four main factors affecting the physical properties of fish protein 
gel from a given fish species. These are: (1) condition of the raw fish, (2) the 
refining process, (3) sol formation by comminution, and (4) gel formation by 
heat setting.
Fish undergoes various stages of post-mortem biochemical changes from the 
point of catch to processing. One of the factors which decisively affects the 
quality responsible for the gel-forming ability of fish protein is proteolytic 
degradation of the muscle tissue due to proteases. The proteolytic activity
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varies with the type of fish and the part of the fish body (Siebert and Schmitt, 
1965) and is temperature and pH-dependent (Geist and Crawford 1974). 
The extent of proteolytic degradation is a function of storage time, and at 
refrigerated temperature (5°C) the protease (catheptic) is as active as at 
incubation temperature (37°C). As a result of proteolytic breakdown of 
myofibrillar protein, fish muscle protein gradually loses gel-forming ability, 
accompanied by a decrease in the level of extractable actomyosin. The gel- 
forming ability of fish mince is a function of the concentration of extractable 
actomyosin as measured by ATPase total activity (Kawashima et al, 1973).
Factors affecting the functionality (gel-forming ability) of myofibrillar protein 
for a given species are freshness (age) and seasonality. Functionality can be 
of either an inherent or an acquired nature. Species is an intrinsic factor, 
while ffehness can be considered a extrinsic factor which can be controlled 
through proper handling. One of the persistent problems with producing 
consistent quality is the quality variation within a species during different 
seasons. The animal’s body, particularly the muscle tissue, responds to 
seasonal changes due to spawning and feeding. During and after spawning 
before the feeding season begins, fish flesh loses gel-forming ability as a 
result of increased proteolytic breakdown of muscle tissue primarily by acid 
proteases such as cathepsin D (Konakaya, 1983; 1985). Such proteolysis
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accompanies a decrease in the myofibrillar protein level and an increased 
moisture retention in the tissue (Okada and Tamoto, 1986).
The term refining refers to a multi-step process which consists of washing 
and straining. Washing removes sarcoplasmic proteins. The increase in the. 
concentration of myofibrillar proteins is responsible for the increased gel- 
forming ability of washed fish mince. After washing, the resulting mince is 
strained by a strainer or refiner which removes most of connective tissue 
(stroma).
The purpose of comminution (or “chopping”) is to break the muscle tissue 
into small pieces, giving more surface area to be exposed to salt, and to 
provide a uniform dispersion of salt, thus allowing more effective 
solubisation of myofibrillar protein. When fish muscle tissue is comminuted 
with salt and water, primarily myofibrillar protein (actomyosin) is solubilised 
and forms a viscous sol. The sol is readily converted to an elastic gel through 
setting, with or without heat. The physical and rheological properties of sol 
and gel are affected by several factors. They include: the functional property 
of original myofibrillar protein; levels of salt (ionic strength) and moisture; 
comminution time and temperature; pH; and setting time and temperature.
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Sol is discussed before gel properties, since the formation of gel follows that 
of sol. Because of its viscous nature, the property of sol is centred on the 
flow behaviour, namely, viscosity. The formation of sol appears to be a 
function of protein solubility, which in turn is determined by the functionality 
of the protein. The functionality of the given protein is influenced by the 
extent of proteolysis that fish muscle has undergone. Therefore, the 
rheological property (viscosity) of sol can be related to the functionality of 
protein, namely, gel-forming ability. In this context, the rheological property 
of sol is an important physical parameter in predicting quality.
Salt, mainly NaCl, is used to solubilise myofibrillar proteins inthe formation 
of sol, which is an essential step for producing an elastic, cohesive gel upon 
heating. As sodium and chloride ions are bound to acidic and basic amino 
acid residues, intermolecular ionic bonds among protein molecules are 
broken and water molecules are replaced. This is how myofibrillar protein is 
solubilised in a salt solution.
A protein gel consists of protein matrix and water: water is immobilised 
within a 3-diinensional protein matrix. At a given moisture level, the gel 
strength is determined by the degree of water-binding within a matrix; the 
tighter the water is bound, the stronger the gel. This is well explained by an 
inverse relationship between gel strength and the amount of expressible
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moisture (Douglas-Scliwarz and Lee 1988; Okada 1963; Lee and Toledo, 
1976). The binding property is a function of protein functionality, which is 
determined by freshness and species of fish and processing variables.
There is a question as to how moisture interacts with ingredients in relation 
to gel properties. It was found that gel strength can be improved by having 
ingredients that bind water. Ingredients which have an ability to bind water 
are starch, non-fish proteins and powdered cellulose. Starch not only absorbs 
water, but expands during thermal transition (gelatinisation) and forms an 
elastic mass, and thus serves as a reinforcing agent in the composite gel 
matrix (Kim and Lee, 1987). Unlike starch, cellulose and proteins do not 
have gel-strengthening ability, because they do not expand and form an 
elastic mass as starch does, although they are able to absorb water effectively 
(Lee et al, 1988).
Myofibrillar protein are solubilised and form a sol after comminution with 
appropriate amounts of salt and water. The sol undergoes gelation where a 
randomly arranged peptide chain irreversibly turns to an ordered state with 
or without heat. This irreversible transition is called “setting”. There are 
three different ways in which setting occurs, namely: cold setting, partial- 
heat setting and full-heat setting. They are different in respect to temperature
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requirements, type of bonding for network formation, and the extent of 
protein denaturation.
Cold setting occurs at either refrigeration (0-4°C) or room temperature 
(22°C). Because no heat is involved, it requires a long time with no thermal 
denaturation occuring. As setting time is a function of the ambient 
temperature, it takes longer to set at refrigeration temperature, but produces 
a firmer gel than at room temperature. In cold setting, gel strength is time- 
dependent, and the type of bond involved in the gel network formation is 
primarily hydrogen bonding (Okada, 1963). Because of the absence of 
denaturation, the product appears to be somewhat glassy and translucent 
compared to cooked gels which have an opaque appearance resulting from 
thermal denaturation of protein.
Partial-heat setting is achieved at temperature ranging from 40-50°C which 
is accompanied by a mild denaturation of protein. The setting is a 
temperature and time-dependent process. Bonds involved in the network 
formation during partial-heating setting are hydrophobic bonds identified on 
the fluorimetry, chemical modification and solubilisation test (Niwa, 1975; 
Niwa et al, 1981; 1981; 1981; 1983). To a lesser extent, disulfide (S-S) 
bonds and hydrogen bondsare involved (Okada, 1963; Niwa, 1975).
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Full heat-setting can be brought out with or without a partial-heat setting. In 
this setting, a sol receives a full heat treatment at 80-95°C for a period of 
time sufficient for cooking. Setting takes normally twenty to forty minutes, 
depending on the type and size of products. During fiill-heat setting, proteins 
undergo excess denaturation, and the protein network is stabilised by 
hydrophobic and disulfide bonds in addition to hydrogen bonds (Niwa, 
1986). Because of protein syneresis caused by a high temperature, the 
protein network of gel cooked without a partial-heat setting shows a less 
uniform, compact structure than one prepared with a partial heat-setting.
1. 3. CONCLUSION
It was against this background that the following objectives were pursued :
® To characterise and investigate the physico-chemical properties of two 
underutilised Namibian fish species namely, horse mackerel (Trachurus 
capensis) and snoek (Thyrsites atun)
9 To characterise and investigate the physico-chemical properties of two 
Namibian polysaccharides namely agar and sodium alginate extracted 
from Gracilaria verrucosa, and Laminaria schinzii respectively and,
9 To investigate the interaction between the above fish
species with either sodium alginate or agar by rheological, differential 
scanning calorimetric and phase contrast microscopic methods.
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CHAPTER 2
C H AR AC TER ISATIO N  AND P H Y S IC A L-C H E M IC A L 
PROPERTIES OF CAPE HORSE M A C K E R E L (TEA CHUR US 
CAPENSIS) AND SNOEK (THYRSITES A TUN)
2.1 INTRODUCTION
Fish is a rich source of easily digestible protein that also provides polyunsaturated 
fatty acids, vitamins, and minerals for human nutrition. Nonetheless, a large 
proportion of total landed fish remains unused due to inherent problems related to 
unattractive colour, flavour, texture, small size, and high fat content.
Cape horse mackerel (Trachurus capensis), (Plate 2.1) constitutes an important 
fish species in the Atlantic Ocean especially along the westcoast of Namibia 
(Figure l.l).It is underutilised, and used for fish meal and fish oil (Anon, 1991) 
despite the high landings (Table 2.1). The reported values on fish length at maturity 
vary between 32 and 43cm (Payne 1986, Naish 1990, Uozumi et al. 1984, Hecht
1990). The ratios between the length and weight of fish are: 34cm and 770g, 43 cm 
and, 1190g.
Snoek -(Thyrsites atun), (Plate 2.2) belongs to the family Gempylidae and is 
conspecific with the New Zealand barracouta and closely related to the Australian 
snoek Leionura atun and the sierra Thyrsitops lepidopodea of southern South
27
America. Snoek is a migratory species, appealing in and disappearing from specific 
areas during the year. The snoek season reaches a peak along the Namibian coast 
during November, December and January. It is a semipelagic by-catch to the 
demersal fisheries for hakes and horse mackerel and .*'£ caught along the southern 
African coast from Angola in the north to Algoa Bay in the south, but mainly in 
cool upwelled water between 15°S and Cape Agulhas. The total annual catch 
(TAC) was suggested to be in the region o f20 000 tons in the medium term (Anon,
1991), although the landing was high during the period 1981 to 1987 (Table 2.2). 
A well-defined migratory pattern is evident, the species occuring in the northern 
Benguela region during the austral spring and summer, moving south in autumn 
and winter, and returning north in spring. The southward movement takes place 
near the coast, but that towards the north further offshore, and the migrations are 
related to seasonal patterns of availability of prey (Crawford and De Vilhers, 1985).
In winter snoek move away from the coast of the Western Cape to spawn (De 
Jager, 1955), a movement that corresponds with the offshore spawning migration 
of round herring on which they prey (Crawford, 1980a). Spawning by snoek occurs 
off the Western Cape and Namibia from July to October, large concentrations of 
eggs having been recorded off the mouth of the Orange River (Nepgen, 1979b; 
Olivar, 1982, 1984; Olivar and Rubies, 1985). During the spawning season snoek 
have a low content of body oil and protein, and there is marked deterioration in 
their condition (Van Wyk, 1944; Nepgen, 1975,1979b).
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Although horse mackerel is used industrially for fish oil and fish meal manufacture 
in Namibia (Anon, 1991), there is a need for their conservation and utilisation for 
human consumption. Recovery of flesh by mechanical debouing and development 
of value-added products are the most promising approaches. Hence, the 
characterisation and an in-depth knowledge of the physical-chemical properties of 
the resources will enable better utilisation of low-value fish species and provide 
protein-rich convenience foods.
Table 2.1 - Namibian landings of horse mackerel (Murray, 1995)
YEAR LANDINGS (‘000 TONNES)
1992 426
1993 475
1994 361
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Table 2.2 - Namibian landings* of snoek (Anon. 1991)
YEAR SNOEK LANDING (TONNES)
1981 1382
1982 2809
1983 947
1984 1098
1985 2167
1986 1345
1987 1120
* These figures include off-landings in South African ports, especially Saldanha and Cape 
Town, and some catches made by South Africa in terms of its ICSEAF allocation)
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P la te  2.1 - Horse mackerel (Trachurus capensis)
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P la te  2 .2  - Snoek ( Thyrsites a tun )
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Both horse mackerel and snoek are pelagic fish which typically live in midwater, 
and normally independently of the sea bed. The term pelagic also relates to the 
mode of life and feeding habit; these characteristics are linked to the anatomical, 
physiological and biochemical properties of pelagic species which give rise to 
distinctive muscle composition. The chemical constituents of muscle are degraded 
post-mortem by autolytic and bacterial enzymes, to produce the various 
decomposition compounds responsible for the characteristic spoilage and 
putrefactive odours and flavours.
Pelagic fish, in terms of composition and structure, can be divided into two major 
categories namely, the fatty and the non-fatty pelagics. The latter resemble the 
white, non-fatty, demersal species of fish in almost every respect, apart from the 
fact that for appreciable periods of time they shoal in large numbers and can be 
caught at or near the surface of the sea. They also tend to have a more migratory 
habit than non-fatty demersal. The fatty species of fish, on the other hand, make up 
the group which is more commonly described as pelagic. They have high, and 
seasonally variable, lipid contents; they tend to be migratory in habit; and they have 
high proportions of dark muscle with its associated aerobic type of energy
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metabolism. Horse mackerel has a high proportion of dark muscle whereas snoek 
has white muscle.
2.1.1. Physical composition
The difference between the two main types of muscle (dark and white) has been 
reviewed (Love 1970, 1980) and the relationship between type of swimming 
activity and the proportions and distribution of dark muscle within the musculature 
described in detail. Dark muscle is more vascular than white and contains higher 
concentrations of myoglobin and cytochrome C; these three factors contribute to 
the difference in appearance between the two types of muscle. Dark muscle 
contains more mitochondria than white muscle and thus is better supplied with the 
enzymes and metabolic systems associated with these sub-cellular particles. As a 
consequence dark muscle can function aerobically as well as anaerobically, while 
the energy metaboism of white muscle is almost entirely dependent on anaerobic 
glycolysis. Generally, dark muscle can provide propulsion on a continuous basis, 
but the white is liable to early exhaustion and can therefore be used primarily only 
intermittently when chasing prey or attempting to avoid predators.
Structurally the two types of muscle are similar in that both are arranged into 
fibrils, but the dark muscle fibres are thinner than the white ones (Braekkan 1959) 
and they also have different patterns of innervation (Bone 1966).
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The two types of muscle are chemically very different. Dark muscle is characterised 
by high concentations of lipid compared to white muscle. In addition, despite its 
dependence on anaerobic glycolysis for providing energy, white muscle usually 
contains less glycogen than dark muscle, even in the resting state. Pelagic fish are 
more active than demersal ones and have a higher ratio of dark to white muscle. 
Furthermore, the relative amounts of dark and white muscle vary along the length 
of the fish; there is more dark muscle in regions associated with higher activity such 
as the tail and certain fins(Love 1970, 1980, 1988). In most species, the dark 
muscle lies as a subcutaneous layer in the region of the lateral line; it is thickest just 
under the lateral line and tapers off dorsally and ventrally. The lipid stores which 
are used by pelagic fish for providing energy are situated not only in the dark 
muscle but also in depot cells elsewhere.
2.1.2. Chemical composition
The chemical differences between dark and light muscle have been summarised by 
Love (1970,1980). Many of the substances mentioned are enzymes and the 
differences in these will be reflected first in metabolic differences between the two 
types of tissue, and then in the modes of life of those fish which have small or large 
proportions of dark muscle. The compounds of technological or commercial 
importance, which are present at different levels of concentration, in pelagics are 
lipids and proteins.
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As mentioned in the section, the difference in appearance between dark and white 
muscle can be explained on chemical grounds, myoglobin, haemoglobin and 
cytochrome C being the compounds mainly responsible. It is thus understable why 
the flesh of pelagic fish, particularly the fatty species, are reportedly so dark and, to 
some consumers, unattractive in the minced state.
Fatty pelagics contain lipids in all tissues, they are concentrated mostly in the 
subcutaneous fatty layer,and in the muscle tissue. The current concern and interest 
in the health and nutritional properties of polyunsaturated fatty acids, particularly of 
the n-3 series, warr ant the detailed composition of all the lipids of pelagic fish. The 
lipids in fatty fish species are most commonly present in the form of phospholipids 
and triglycerides. Phospholipids are particularly rich sources of n-3 polyunsaturated 
fatty acids, and the consumption of any fish, even non-pelagic ones, can make a 
useful contribution in nutritional terms. Pelagic fish are of importance in the 
preparation of isolates for dietary supplements or pharmaceutical purposes. The 
greater proportions of the more unsaturated fatty acids (those with 5 and 6 double 
bonds) come from fish that live in the southern hemisphere (Ackman 1980). 
However, a disadvantage associated with this phenomenon is the greater reactivity 
of southern fish meals compared with that of the meals which originate in the north; 
the instability of the residual lipids in the former render the associated meals more 
liable (in the absence of stabilisation with antioxidants or by other means) to 
damage by spontaneous over-heating. There is some evidence that fish lipases are
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relatively heat stable and when fatty fish are converted into fish meal and oil the 
Upases will continue to hydrolyse the oil even after processing, unless they are 
removed rapidly and efficiently by centrifugation (Banks 1967).
T
Post-mortem lipid degradation proceeds mainly due to enzymatic hydolysis. Both 
lipid classes are hydrolysed by the endogenous enzymes at rates that are dependent 
on species, nutritional and maturation status, tissue and temperature (Ackman 
1980, Hardy 1980). The major products are fatty acids, glycerol and various amine 
and phosphoric acid derivatives (Lovem and Olley 1962, Wu and Toyomizu 1974).
Water is the major chemical constituent of all fish flesh, and fatty pelagic fish have 
significantly lower water contents than non-pelagic species. It has long been known 
that the sum of the lipid and water concentrations in fatty fish is approximately 
80% (Love 1970). Starvation, which is common in many fish species during 
spawning, depletes the energy reserves of the tissues and consequently increases 
the water content of the flesh. In muscles and other tissues, water plays the 
important part of a solvent for a host of organic and inorganic solutes, provides the 
environment for biochemical events in,: cells, is an active partner in many 
reactions, and has a large impact on the conformation and reactivity of proteins. 
The hydration of proteins is responsible for the rheological properties and juiciness 
of muscle foods. The state of water in the fish flesh depends upon various 
interactions of water structures with different solutes and especially with proteins. 
The hydrophilic amino acid residues participate in H-bonding with water molecules
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and structures, while the hydrophobic groups in proteins and lipids act as structure 
makers, i.e., they induce around themselves layers of highly ordered water 
structures. Thus, in fish meat, only a part of the aqueous medium can be regarded 
as hulk water. The rest of it is in^ different extent involved in water-protein-lipid- 
solute interactions.
Proteins form the next major group of compounds to be considered and, bearing in 
mind the recent interest in the possible use of pelagic fish mince in surimi based 
products, the paucity of information on the basic properties of pelagic fish proteins 
is remarkable. Pelagic fish muscle would appeal* in general to have poorer 
capacities for producing high grade surimi-derived products than that from 
demersal fish. Whether this arises from intrinsic differences in the proteins from the 
two groups, or from the presence of higher levels of lipid in the pelagic fish. is a 
moot point (Shimizu et a l 1981). The proportions of actin, myosin and 
tropomyosin in the muscles of pelagic and non-pelagic fish are similar, as are the 
patterns of the protein amino acids.
Differential scanning calorimetry (DSC) is a powerful investigative tool which has 
much value in studying some of the fundamental properties of materials. In the case 
of fish muscle proteins, DSC has been used to good effect in studies of the thermal 
stability of the different protein constituents (Hasting et a l 1985) of fish muscle. 
The result of such studies demonstrates that thermal stability is related to the
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temperature of the environment in which the fish live than to the fact that they live 
a pelagic or demersal existence. These two factors are not necessarily unrelated 
since in most parts of the ocean the surface layers of the sea are warmer than the 
deeper ones.
Sarcoplasmic proteins exhibit a greater consistent degree of difference between 
species than do any other compounds or groups of compounds. When separated by 
electrophoresis or isoelectric focussing, the sarcoplasmic proteins of each species 
can be used to give a unique set of ‘fingerprints’; the pattern obtained for each 
species is quite different from that of all other (Laird et al. 1982, Mackie 1980). 
There are, however similarities between related species, i.e. those which have been 
grouped together by taxonomists in the same genus or the same family, and such 
electrophoretic techniques have been used as aids in classifying as well as in the 
elucidation of life histories, by associating particular larval organisms with adults. 
All fish, pelagic or demersal, rely on adenosine triphosphate (ATP) for energy and 
the levels of the various purine nucleotides and their breakdown products are 
similar throughout all muscle tissues. Other minor constituents again show a 
similarity of occurences. The only major exception, worthy of mention, is the amino 
acid histidine. The muscle of pelagic fish, particularly those which are dark-fleshed, 
fatty and active, contains much more free histidine than that of white fleshed 
sluggish species although the histidine bond in muscle protein will be similar in all 
species (Love 1980). This is significant in the availability to decarboxylating
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enzymes of the free amino acid duiing post mortem storage. The histamine thus 
produced is often, but not invariably, associated with the so-called ‘scombrotoxm’.
Post mortem protein degradation in fish muscles,catalysed by tissue proteinases, as 
well as by bacterial proteinases, leads to slow changes in the theological properies 
of refrigerated fish. The autolytic changes in small uneviscerated fish are caused not 
only by the endogenous muscle enzymes but also by kidney and liver cathepsins, as 
well as by the digestive enzymes of the alimentary tract. Pr oteolytic reactions in 
pelagic fish are marked and this particularly true when the enzymes associated with 
the viscera are present, hi fatty pelagics, proteolysis occurs most markedly in the 
belly causing them to burst and release enzymes and bacteria to the surrounding 
fish (Gildberg and Raa 1980, Fik and Magadzia 1983, Whittle et al.1990). Hiese 
and the endogenous flesh enzymes will autolyse the flesh tissue, which causes 
softening and the release of lower molecular weight components such as peptides 
and amino acids (Sakaguchi et al. 1984).
Both proteolysis and lipolysis can induce the formation of flavor substances (Jones 
1967, Burt 1976). Complete identification of the components responsible for such 
flavour changes has not been made, but a number of flavorous lipid and protein 
hydrolytic products have been isolated (Mackie et al. 1971). In some of this work it 
has been noted that peptides formed from protein hydrolysates are flavorous when 
their molecular weight are less than 2000 daltons, and the nature of their flavour
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depends on the amino acid composition. Bitter flavours result when there is a high 
hydrophobic acid content and sweet flavours when the hydrophilic acid content is 
increased (Mackie 1982). In addition to flavor changes it is often noticed in the 
storage of fish that flesh flavours are lost, possibly through enzymic action before 
the development of off-flavours derived from bacterial action (Cuero et a l 1985). 
Other flavorous substances are produced by the action of enzymes. Thus, in the 
enzymic degradation of ATP,flavour potentiating substances are produced as well 
as the hitter tasting hypoxanthine. Similarly, in the enzymic degradation of 
trimethylamine oxide, a reaction which is most observable in frozen storage, 
dimethylamine and formaldehyde are produced which may contribute to both 
flavour and textural changes (Connell and Shewan 1980).
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2.2. MATERIALS AND METHODS
2.2.1. MATERIALS
Frozen fillets of snoek (Thyrsite atun) and whole horse mackerel(Trachurus 
capensis), o f which the mean weight and mean length for the latter were about 387 
g, 35.2 cm respectively, were purchased during June 1997 from Freddie Fish 
Processors (Pty) Ltd (Walvis Bay, Namibia). The frozen fish were transported by 
air freight to London, then to the laboratory (School of Biological Sciences, 
University o f Surrey) and prepared as described below for subsequent analysis.
The horse mackerel were partially thawed, headed and eviscerated, washed with 
tap water to remove blood. Both snoek and horse mackerel were divided into 
hatches, sealed with polyethylene bags and stored at -30°C for subsequent analysis.
2.2.2. METHODS
2.2.2.I. Protein analysis
Preparation o f  sample
One gram of fish mince was homogenised either with 10 ml of precooled distilled 
water or NaCl (5% w/v,pH 7.2) by means of an Omni Homogeniser to give 
sarcoplasmic (water-soluble), myofibrillar (salt-soluble) proteins respectively. The 
homogenate was centrifuged for 20 min at 4200 x g. Supernatants were used for 
determinations of protein by Bradford and electrophoretic methods. Also, when
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necessary the supernatants were diluted 20-fold to obtain reasonable samples for 
amino acid determinations. Bovine serum albumin (BSA) and Amino acids 
Standards were used to provide standard curve, and the unknown protein 
concentration and amino acids were respectively extrapolated. Sodium chloride 
with different concentrations (0-5% w/v, pH 7.2) were used to extract protein for 
determination of highest extractability. Two grams o f whole fish mince were 
hydrolysed to determine protein by Kjeldahl.
Kjeldahl method
Principle: The Kjeldahl method involves complete destruction of the protein with 
sulphuric acid and added catalysts. The nitrogen of the protein is trapped as 
ammonium sulphate and subsequently determined as ammonia after steam 
distillation from the the hydrolysate made alkaline by the addition of concentrated 
NaOH. The ammonia is determined by trapping in standard acid and back-titration.
Chemicals and Reagents
Cone. Sulphuric acid 
Selenium tablets (Kjeltabs)
4% Boric acid 
40% Sodium hydroxide
0.4% Methyl red 
Hydrochloric acid
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Kjeltec system I
Amino acid analysis
Principle: Amino acid analysis provides an important quantitative parameter in the 
characterisation of isolated protein or peptide samples.The protein is hydrolysed 
completely and the hydrolysate subjected to amino acid analyses. Single amino 
acids are easily determined at the 5-10 nmol level. The amino acid determination 
was earned out according to the following outline:
Salt soluble protein (20 pi)
I
Drying
I
Hydrolysis (6N B£1, 103°C, 48 h)
Derivatisation
(Phenylisothiocyanate)
I
Reverse Phase HPLC Analysis
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Acetonitrile 
Triethylamine (TEA)
Phenylisothiocyanate (PITC)
Amino Acid Standard Solution (Sigma Product No.A-6407)
Sodium acetate 
6MHCI
Glacial acetic acid 
Disodium hydrogen phosphate 
Phosphoric acid 
Methanol
Bradford method
Principle: A rapid and reproducible method for the determination of proteins by dye 
binding has been described by Bradford (1976). The assay is based on the fact that 
Coomassie Brilliant Blue G-250 exists in two different colour forms. It exhibits an 
absorption maximum at 465 mn that shifts to 595 nm upon binding to protein. 
When the dye hinds to protein, the red form is converted to blue. The protein-dye 
complex has a high absorbance, which gives great sensitivity to the assay.
Electroph ores is
Chemicals and Reagents
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Principle: Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS- 
PAGE) is currently the most commonly used eletrophoretic technique for the 
analysis of proteins. This is due to the ability o f the strong anionic detergent SDS, 
when used in the presence of disulfide bond cleaving reagents, to solubilise, 
denature, and dissociate most proteins to produce single polypeptide chains. The 
resulting SDS-protein complexes can then be separated according to the molecular 
size by electrophoresis in gels containing SDS.
Chemicals and reagents
1. Acrylamide-Bisaciylamis/e Solution
2. Stacking Gel buffer
(0.5M Tris-HC/ pH 6.8, 10% SDS)
3. Separating Gel buffer
(1M Tris-HC/ pH 8.8, 10% SDS)
4. Electrophoresis buffer 
(0.025M Tris-HC ., pH 8.3)
5. 10% Ammonium persulphate
6. Sample buffer
(1M Tris-HC! ,,pH 6.8, 50% Glycerol, 10% SDS, 2-mercaptoethano! 1% 
bromophenol blue)
7. Denaturing solution
(8M Urea, 0.2% SDS, 2mM DTT)
46
8. Staining solution
(TCA, Methanol, Coomassie Blue R-250)
9. Destaining solution 
(Methanol, Acetic acid)
Procedures
An aliquot (20pi) of diluted salt-soluble proteins (myofibrillar proteins) was placed 
in Pyrex vials which previously had been washed with 6N B£1 , rinsed with 
deionised water and dried. The sample was thoroughly flushed with N2 and then 
dried for 20 min. The vial was placed in another tube in which 200pl of 6N H±1 was 
added, and then placed in an oven at 103°C for 48 h for hydrolysis. The hydrolysate 
was derivatised by adding 20pl of the derivatising agent composed of PITC, 
methanol, TEA and water. The sample was dried for 20 min and 10pi methanol 
was added, vortex and finally dried. Then it was reconstituted in lOOpl sample 
buffer, and 20pl injected in the PICO-TAG HPLC. The amino acid standard 
solution was derivatised and treated the same as the sample^
Protein extractability
Principle: Proteins become gradually denatured in cold storage. The rate of 
denaturation depends largely upon storage temperature. Muscle also contains many 
other proteins in addition to sarcoplasmic and myofibrillar proteins. Sarcoplasmic- 
and myofibrillar proteins are soluble in tissue fluid and salt solution respectively. 
During freezing and cold storage, the proteins are affected, especially the 
myofibrillar protein, resulted in the textural changes of flesh. The myofibrillar 
protein extractability, therefore is used as a quality index for the assessment of 
frozen fish.
2.2.2.2. Fatty acid analysis
Before the fatty acid components of lipids can be analysed by gas liquid 
chromatography (GLC). it is necessary to convert them to low molecular weight 
non-polar derivatives, such as methyl esters. In addition, it may be advisable to 
• mask other polar functional groups in a similar manner, or to prepare specific
derivatives as an aid to identification. Peak shape and resolution are greatly 
improved at the same time. It is only possible to identify fatty acids tentatively by 
GLC retention times alone, but GLC used in combination with derivatisation and 
chemical degradative or spectroscopic procedures, especially mass spectrometry, 
can he an extremely powerful means of characterisation.
Lipid extraction and transesterification
Lipids were extracted by Soxhlet method from freeze-dried fish fillets as follows: 
An aliquot, o f solvent (30 ml petroleum ether) was used to extract lipids at 60°C 
for 1 h. Solvents were removed by evaporation at room temperature. An aliquot 
(200 ql) of the oil collected was stored and used for transesterification.
An aliquot (2 ml) o f sodium methylate (10%) in methanol diluted with tert-butyl 
methylether (4:6 v/v) was added to the oil and mixed by vortex for 1 min and 
allowed to stand for 1 h. Then 2 ml of water and 5 ml of chloroform were added, 
and the mixture shaken for 1 min before centrifuged at 3000 x g  for 5 min to 
facilitate phase separation. The upper layer was removed with a Pasteur pipette, 
and then 2 ml of 1% (v/v) of acetic acid in water was added to neutralise excessive 
alkali. The sample was shaken, centrifuged and again the aqueous phase disposed. 
The chloroform extract was evaporated under a stream of nitrogen in a warm water 
bath til the volume was reduced to 200 ql. An aliquot o f 200 ql was transfered to a 
test tube to which 5 ml of hexane were added and these were used for GLC 
analysis.
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An aliquot (1 pl) o f fatty acid composition of FAME was analysed by GC using 
Varian 3400 gas chromatograph equipped with a flame ionisation detector (FID). 
The initial column temperature was programmed at 160 °C rising by 4°C/min to 
240°C and then to 250°C at l°C/min. The carrier gas was helium. The injector was 
maintained at 250°C and detector at 250°C. Fatty acid methyl esters were identified 
by comparison of retention times with known standards and quantified by directly 
taking area percent as weight percent. Peak areas were used to determine the 
concentrations o f fatty acid methyl esters in the samples, by reference to standard 
curves obtained by chromatographing standards under identical conditions.
Lipid analysis by GLC
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2.3. RESULTS AND DISCUSSION
Table 2.3 - Absorbance of fish proteins by Bradford method as a function of NaCl 
concentrations
% NaCl, pH 7.2
0
1
2
3
4
5(1:10 dilution)
Horse mackerel Protein Snoek Protein
Absorbanee(595 mn) Absorbance(595 mn)
2.334
2.344
2.468
2.477
2.591
1.347
2.306
2.350
2.548
2.558
2.602
1.316
2.3.1. Protein extra ctability
The effect o f sodium chloride, i.e. ionic strength, on the extractability of protein is 
illustrated in Table 2.3. The results, expressed as absorbance of protein as a 
function of NaCl, showed that the extractability o f protein from both horse 
mackerel and snoek was dependent on the amount of NaCl used. The result 
showed an increase in protein extractability with increase in the concentration of 
NaCl. However, significant increases in the protein extractability were found at 5% 
NaCl for both horse mackerel and snoek. Presumably, this demonstrates why the 
5% NaCl, pH 7.2 is commonly used for the extraction of myofibrillar protein. The
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NaCl-dependency of extractability is related to the dependency of water-bolding 
capacity o f myofibrillar protein on NaCl (Hamm, 1986).
Table 2.4 - Protein composition of horse mackerel and snoek by Bradford method
Species Sarcoplasmic Myofibrillar
Proteins Proteins
(mg/ml) (mg/ml)
Horse 1.45±0.03 15.0±0.09
mackerel
Snoek 1.90±0.01 10.0±0.1
Table 2.5 - Proximate composition of horse mackerel 
and snoek in percentage (%)
Species
Horse
mackerel
Snoek
Moisture
74.6 + 0.7
73.6 ±0.2
Protein
17.6 ±0.7
Fat
3.5±0.1
3.9±0.08
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Table 2.4 shows the content of sarcoplasmic and myofibrillar proteins from snoek 
and horse mackerel. The sarcoplasmic, myofibrillar proteins were extracted with 
cold distilled water and 5% NaCl, pH 7.2 respectively. Generally, the extractability 
of muscle protein from fish varies depending on fish species (Shimizu, 1976). The 
results correlate well with Table 2.3 and confirm the fact that the amount of 
extractable proteins increases rapidly when the ionic strength of the homogenate is 
raised to 0.5M, which is equivalent to 5% NaCl used. The amount of extractable 
proteins from the muscle varies according to the post-mortem changes. Generally, 
the rapid decrease in the gel forming capability of pelagic species is attributable to 
protein denaturation caused by the low pH of the flesh. Pelagic fish contain a large 
amount of glycogen as an energy source, the glycolysis reaction, after death results 
in a marked drop in muscle pH. Since both species are of pelagic nature, and they 
are expected to behave the same, 5% NaCl with pH 7.2 was used in order to 
increase the pH, since myofibrillar proteins are susceptible to denaturation if the pH 
is beliow 6.5?
2.3.2. Protein composition
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STD MW (Da)
205 000 
116 000 
97 000 
84 000 
66 000 
55 000 
45 000 
36000
1 2 3 4 5 6 7 8 9  10
Figure 2.2 - SDS-PAGE of snoek and horse mackerel proteins extracted with 2% or 5% NaCl 
(Lanes land 2 horse mackerel extracted with 5% NaCl; 3 and 6 standard; 4 and 5 horse mackerel 
extracted with 2 % NaCl; 7 and 8 snoek extracted with 5% NaCl; 9 and 10 snoek extracted with 
2% NaCl.)
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2.3.3. Electrophoresis Characterisation
Figure 2.2 illustrates the electrophoretic profile of proteins from horse mackerel 
and snoek both extracted with 2% NaCl, pH 7.2 and 5% NaCl, pH 7.2, as well as 
reference samples. The profile showed unique pattern o f each species. Although 
there are few species-specific protein zones in each pattern, the degree of 
resolution obtained is such that differentiation of species is possible. In this 
instance, both species gave identical bands except only one additional band which 
was observed (far horse mackerel. The protein zones o f relevance to species 
differentiation, generally occur within the molecular weight range 67000-14000 and 
are generally assumed to be derived mainly from the sarcoplasmic proteins which 
are known to be species specific. As some of these proteins or subunits are derived 
from the species-specific sarcoplasmic proteins, some differences would be 
expected in the separation profile, but on the other hand those zones corresponding 
to the myofibrillar proteins would be expected to show if any differences in the 
molecular weight profiles between species.The zones derived from the myofibrillar 
or structural proteins of the flesh, on the other hand, show little if any variation in 
mobility with species although the light chains of myosin which he within the 
molecular weight range 25000-15000 are known to have different mobilities 
depending upon species (Suzuki, 1981). This electrophoretic pattern was observed 
to show identical bands in the region of myofibrillar proteins, though differed in 
colour intensity. Actin and tropomyosin subunit, for example, fall within this 
molecular weight range, and they seemed not to show any difference between
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species. When 2% NaCl and 5% NaCl-extracted proteins from one species was 
compared to each other, it was noticeable that bands in 2% NaCl-
extracted proteins were fainter than those in 5% NaCl-extracted proteins. 
Presumably, this explained why 5% NaCl, pH 7.2 is the optimum salt concentration 
at which highest protein extractability is achieved (Table 2.3)
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Table 2.6 - Amino acid composition
Amino Acid Snoek (jug/ml) Horse
(rtg/ml)
rtsp 3303 2528
gin 4910 3933
ser 1511 1119
gty 1428 1062
his 3320 1356
arg 1589 1242
thr 1594 1239
ala 2132 1759
pro 847 699
tyr 741 508
val 1839 1511
met 1091 982
cys 645 295
ileu 1824 1433
leu 2639 2027
phe 1362 313
tip 1418 1185
lys 1977 1571
mackerel
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The amino acid composition o f horse mackerel and snoek is illustrated in Table 2.6.
b r a f i  f<L
The results did not show any significant difference between the amino acid o f the 
two species. However, histidine content was found to be exceptionally large in the 
proteins of snoek. Similarly, phenylalanine was observed to be four-fold higher in 
snoek than horse mackerel. Generally, the muscle of pelagic fish, particularly those 
which are dark-fleshed, fatty and active, contain much more flee histidine than that 
of white fleshed species. The decarboxylated histidine, thus histamine is associated 
with scrombrotoxin. The obtained results are comparable and showed the nutritive 
value o f fish proteins, which are high because of the favourable essential amino 
acids pattern. Although these results were obtained from salt-soluble proteins, it 
should be noted that in general, amino acid composition of different proteins of the 
muscle is not identical, as these proteins, having to perform different tasks, must 
differ in their properties.
2.3.4. Amino acid composition
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Table 2.6 - Fatty acid composition of horse mackerel and snoek.
Fatty acid Snoek (%) Horse mackerel 
(% )
Cl6:0 29.04 29.86
Cl8:0 6.40 1.92
Cl8:l 25.72 25.12
Ci8:3 4.13 7.07
C20:2 2.63 3.13
C20:5 7.00 8.83
C22;6 15.09 12.18
2.3.4. Fatty acids
The fatty acid methyl esters composition of horse mackerel and snoek are 
illustrated in Table 2.6. The results showed that both horse mackerel and snoek are 
good sources o f omega-3-PUFA, and in particular eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA). Palmitic acid (Ci&o), Oleic acid (C isa), DHA 
(C22:6), then followed by EPA (C2o:5) were predominantly observed in snoek. Also, 
the results showed no significant difference between the two species. In addition, 
Table 2.5 present results for proximate composition including fat content. As 
would be expected from the nature of the species, snoek being a pelagic oily fish 
had a higher fat content, lower moisture content and a higher protein content than
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horse mackerel. Hecht (1990) reported reproductive activity of horse mackerel to 
occur in winter and spring, from June to November, with spawning peaks in 
June/July and in November. Therefore, it is not suprising that protein content for 
both species were found to be slightly lower than expected. Generally the fat 
content of fish caught in winter will be expected to be lower than summer, and 
although both of them are within the expected range, it is speculated that snoek 
would have a higher value if  it was caught in the summer. Other factors, such as the 
availability o f food, temperature o f the water, differences in diet and the physical- 
chemical changes brought about by the reproductive cycle, play a very significant 
role in determining the proximate composition of the fish species (Sidwell, 1976; 
Stansby & Lemon, 1941). The principal constituents affected by these seasonal 
cyclic changes are lipid and moisture. Snoek exhibits a vast seasonal variation in its 
proximate composition. When lipid results (Table 2.5) for horse mackerel and 
snoek are compared, they seem to show an inverse linear relationship with 
moisture. Starvation, which is common in many fish species during spawning, 
depletes the energy reserves of the tissues and consequently increases the water 
content of the flesh. The fatty acid composition was observed to be typical of fish 
lipids, containing substantial quantities of some highly unsaturated long chain fatty 
acids such as 20:5 and 22:6.
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This experiment was undertaken primarily to provide basic information on the 
proximate and detailed physical-chemical composition of snoek- and horse 
mackerel flesh to he used in the preparation of fish mince. There were no significant 
differences observed in the physical-chemical composition of the two species. 
Though the samples used in this experiment were taken from one season, and it is 
known that physical-chemical composition is very much depended on seasonal 
variation, the obtained results are in good agreement with those reported in other 
studies. These samples were used in the subsequent experiments, especially on the 
interaction between fish and agar (Chaper 5) and fish and sodium alginate (Chapter 
6).
Conclusion
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CHAPTER 3
EFFECT OF PROCESSING PARAMETERS ON THE 
GELATION PROPERTIES OF HORSE MACKEREL
3.1. INTRODUCTION
It is now understood that the rheological and viscoelastic traits related to the 
texture and structure of processed meat are also determined by the chemical 
composition within the muscle fibres as well as by processing procedures. In 
particular, the physical attributes o f processed meat are determined by the 
functional behaviour o f proteins before and during thermal processing, 
including gelation, emulsification, and water-binding, as well as their 
interaction with carbohydrates, minerals, and other meat ingredients (Acton, 
* et a l, 1983; Morrissey,et al, 1987).
The significance of the differences in muscle fibre types in meat processing 
has been neglected in the past. However, recent studies suggest that the 
disparity in functional properties among various muscle or fibre types can be 
attributed mainly to myofibrillar proteins that are soluble in salt solution. 
Under similar processing conditions, myofibrillar protein derived from white 
muscle formi gels that exhibit quite different viscoelastic and rheological
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characteristics when compared with gels prepared from red muscle 
myofibrillar protein (Xiong and Brekke,1991b; Young et al., 1992). Various 
isomeric forms of myosin have been identified that differ in amino acid 
composition, in histochemical, biochemical, and enzymatic properties, and in 
degradation rate during postmortem storage (Pette and Staron, 1990). The 
isoforms and polymorphism of myosin and other myofibrillar proteins 
apparently are involved in producing the different functionalities in processed 
white and red muscle foods (Morita et al., 1987).
The term ‘functionality5 encompasses any attribute the food ingredient 
possesses or imparts to the food of which it is a part. Thus, such attributes as 
colour/ appearance,flavour/odour, and texture or texture-modifying ability 
(in this case, viscosity and gel forming ability) are important functional 
characteristics of the material. Protein functionality is a general term that has 
been defined as any physicochemical property that affects the processing and 
behaviour of proteins in food systems as judged by the quality attributes of 
the final product (Kinsella, 1976). In meat processing, protein functionality 
is usually described in terms of hydration, surface properties, binding, and 
rheological behaviour. Myofibril swelling, protein solubility, and gelation are 
examples of more specific functional properties. Gels, in particular, are the 
products of protein hydration, denaturation, and aggregation.
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Most fatty pelagic species including horse mackerel fall into the category of 
fish that are unsuitable for conversion into more conventional products, such 
as fillets and blocks. Then fillets are either too small, bony, dark in colour, 
and/or strong in flavour and less stable in storage than fillets from demersal 
species.The primary purpose of refining fish muscle is therefore to increase 
its functionality as a food ingredient.
Refined fish mince is valued for its ability to form strong, cohesive gels when 
solubilised with salt and heated. It also is unique among food protein 
ingredients in its ability to form cohesive gels at low temperatures (down to 
near freezing in some cases). For example, soy proteins must be heated to 
80°C or more to gel. Similarly, egg white and dairy whey albumen require a 
temperature of 70°C or more to gel. And even muscle proteins of 
mammalian or avian origin require in excess of 50°C to gel. The molecular 
explanation for this property probably lies in the lower thermal stability of 
the muscle (myofibrillar) proteins of fish, arising from their cold-blooded 
physiology (Montejano et a l, 1984, Wicker et a l, 1986). Indeed, it has been 
demonstrated (Shimizu, 1976) that the myofibrillar proteins of fish which 
inhabit colder waters are less heat stable than the myofibrillar proteins of fish 
which inhabit warmer waters.
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The attainment o f protein functionality is dependent on the following 
processing factors: washing, refining, and dehydration. The most basic 
problem related to the utilisation of fish in an untraditional way is that 
associated with its organoleptic characteristics. Interlaced in the muscle 
structure o f fish are highly unsaturated triglyceride lipids, phospholipids, 
volatile carbonyls, and a considerable amount of nitrogenous components 
including free amino acids, peptides, free amines, and urea. These reactive 
compounds, coupled with the glycolytic post mortem products (free sugars, 
phosphorylated sugars, lactic and pyruvic acids) provide ample materials for 
the formation of what is commonly referred to as ‘fishy’ flavours and 
odours. Obviously the first step in preparing organoleptically acceptable 
products from fish is the removal o f flavour-producing substances and their 
precursors, removal o f lipids and sarcoplasmic proteins.
Sarcoplasmic proteins do not contribute to the water holding capacity and 
gel forming properties o f the muscle. More importantly, the sarcoplasmic 
proteins appear to he separately involved in initiating oxidative or Maillard- 
type reactions that detrimentally affect the organoleptic properties of 
processed fishery products (Connell 1964, Damsberg 1969, Spinelli et 
al. 1972). The sarcoplasmic protein content in the muscle o f small pelagic 
fish is higher than in white fish. The former contains the proteins ranging 
from 900 to 1400mg/100g muscle, while the latter contains 600 to 800
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mg/lOOg muscle. Removal of sarcoplasmic proteins by washing with plain 
water is more difficult from the meat of small pelagic than of white fish 
(Shimizu, 1976). Washing with a low concentration of a salt solution, such as 
0.05 ionic strength, is very effective in extracting the sarcoplasmic proteins 
from the pelagic fish flesh (Shimizu, 1979).
The flesh of horse mackerel contains 13% of dark muscle, of which the 
concentration of haemoproteins is 400 mg/100 g muscle. Besides, the dark 
muscle contains three times more lipid than ordinary muscle. Unacceptable 
odour and flavour of the cooked flesh, especially that o f frozen small pelagic 
fish, is attributable to the oxidative products o f the lipids in the dark muscle. 
The dark colour o f fish products is also due to the high concentration of 
hemoproteins in the dark muscle. The dark muscle should be removed in 
preparing bigh quality products from the points of view of consumer 
acceptance.
Solubilisation of protein in salt solutions is an important physicochemical 
process for manufacture of processed muscle foods. The solubilisation 
normally occurs as a result o f comminution and blending of meat in the 
presence of salt, and frequently it is the prerequisite step for gelation, 
emulsification, and some other functional processes of the protein. Solubility 
of protein can be defined as the percent of total muscle protein that goes into
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solution under specified conditions and is nonsedimentable by moderate 
centrifugal forces (Morrissey et a l, 1987). Thus, solubility at saturation 
represents an equilibrium between the solute(protein) and the solvent 
(water).
Inasmuch as there is no standard, universally accepted method for 
determination of protein solubility, the term solubility, will therefore, have an 
operational definition, i.e.,it will be subject to variations in protein 
concentration, centrifugal force, and centrifugation time. Hence, relative 
differences in protein solubility among fibre types may be observed in one 
study but obscured in another because o f different centrifugation conditions. 
The term solubility, when used with the word protein, should also be treated 
cautiously because solubilised protein may actually constitute a colloidal 
dispersion, instead o f a true solution that does not scatter light.
Rheological properties related to flow and deformation are important 
functional attributes o f muscle proteins. The rheological behaviour of a 
protein suspension in muscle foods is often described in terms of viscosity. 
Viscosity of the aqueous protein phase can influence texture and stability, as 
well as handling, meat batters. Proteins are charged polymers capable of 
binding water, resulting in swelling and loosening o f the polypeptide matrix. 
As a consequence o f swelling, a protein increases its effective hydrodynamic 
volume, thereby increasing its resistance to shear. The flow behaviour of a
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liquid is frequently described in terms of viscosity or stress under shearing. 
For Newtonian flow, a linear relationship exists between shear stress and 
shear rate. The term dynamic viscosity, defined as the ratio o f shear stress to 
shear rate, is used to describe the flow characteristics (Lewis, 1987). 
However, proteins are large solute molecules and, in solution, they generally 
exhibit non-Newtonian pseudoplastic characteristics. The exact flow 
behaviour can be complex, depending on the intrinsic attributes of the 
protein, such as molecular mass, size, volume, shape, surface charge, and 
ease of deformation (Yang, 1961), as well as extrinsic factors, such as pH, 
temperature, ionic strength, ionic type, and shear rate (Hermansson et al., 
1986; Morrissey et al., 1987). Thus, the term apparent viscosity is used in 
literature to define the flow behaviour of muscle protein suspensions.
Gelation o f myofibrillar protein is perhaps the most important functional 
property that occurs in restructured, formed, and sausage products and is 
also responsible for texture, viscoelastic traits, juiciness, and stabilisation of 
fat emulsions in processed products. According to Ziegler and Foegeding 
(1990), a gel can be defined as a continuous network o f macroscopic 
dimensions immersed in a liquid medium and exhibiting no steady-state flow. 
Since the recognition of its importance in food processing (Kinsella, 1976), 
gelation of proteins in muscle foods has been explored extensively. 
Comparative studies in recent years suggest that gel properties and the
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mechanism of myofibrillar protein gelation differ among fibre types, and the 
fibre type effect could have great implications to meat processing quality and 
product uniformity.
Large variations in gelation properties have also been observed in more 
complex myofibrillar' systems derived from different muscle types. In 
comminuted processed meat, where more than 2% salt (translated into 
approximately 0.5M NaCl in the aqueous phase) is normally added, 
myofibrillar structure initially swells and is then disrupted, producing 
actomyosin, myosin, and a variety of protein aggregates or complexes 
including intact myofibrils. Hence, the myofibrillar system is more closely 
related to processed meats than is myosin. Because o f the existence o f 
various isoforms in tropomyosin, troponin, and a-actinin, in addition to 
those in myosin, the myofibrillar complex may indicate some fibre type- 
dependent functionalities that cannot be seen in myosin alone.
The above are only general processing considerations that must be taken into 
account when dealing with fatty pelagic species. Factors contributing to 
quality variations between processed white and dark muscle have not been 
thoroughly investigated. Obviously, the compositional differences in muscle 
(e.g., percent protein, fat, and moisture), and the variation in pH between 
white and dark muscle could affect the physical characteristics of cooked
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products. In this context, inconsistency among studies will be inevitable 
unless a standardised fat content for white and dark muscle is employed.
3.2. MATERIALS AND METHODS
3.2.1. MATERIALS
Horse mackerel (Trachurus trachurus) was caught off the Portuguese coast 
in August 1996, held in ice and transported to the Portuguese Institute of 
Marine Research (IPIMAR) for processing on the same day.
3.2.2. METHODS
Sample preparation
The fish was headed and gutted and the mince produced in a Baader 694 
deboner. Fish mince (3:1, solution.muscle) was washed for 20 minutes at 
5°C in closed containers with an aqueous solution containing NaHC03 
(5.0g litre'1) and different concentrations of TSPP. The pH values were 
adjusted with phosphoric acid or a NaOH solution and tHehardness of the 
washing waters (mg litre1) adjusted by dilution of tap water (hardness >100 
mg litre'1 CaCOs) with deionised water. Dehydration of the washed mince 
was performed in a BIBUN screw press.
3.2.2.I. Water holding capacity
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A modification of the method of Roussel and Cheftel (1990) was used. 
Horse mackerel mince (1.5 g) was placed in a centrifuge tube along with a 
Gilson Pipetman pipette filter and centrifuged at ambient temperature for 10 
min at 4000xg in a Kubota 6800 centrifuge. Water holding capacity was
expressed as percent water retained per 100 g of water present in the gel
• <sprior to centrifugation. All determination were carried out in quadruplicate.
3.2.2.2. Gel forming ability
Preparation o f  gels. Washed horse mackerel mince was placed in a 
refrigerated vacuum homogeniser (Stephan mod. 12 UM, Stephan & Soehne 
GmbH & Co., Germany)and mixed under vacuum with sodium ch/bride 
(2.5%) for 5 minutes at 1 500 rpm  The resulting batters were stuffed into 
PVDC 25mm diameter casings using an automatic stuffer. The filled casings 
were first placed in a water bath at 35°C for 1 hour and then moved to 
another bath at 90°C for I horn. The heat-induced gels were cooled 
immediately in iced water and kept in a refrigerator overnight.
Puncture test Prior to analysis, samples were tempered to about 20°C, 
removed from casings and cut into pieces of 25 mm diameter and 25mm 
high. The gel was penetrated to breaking-point with a 5 mm diamfer probe 
with a spherical head, using an Instron model 4301 texturometer (Instron 
Engineering Coip., Canton,MA.,USA). The cross-head speed was io
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mm/min and the load cell was 100 N. The gel strength was determined by 
multiplying breaking force (N) by breaking deformation (mm). All 
determination were performed at least in quadruplicate.
Folding Test The test piece was a 3 mm slice cut from the kamaboko 
casings. The evaluation was performed in accordance with a 5 point grade 
system as follows. Grade 5, no crack when folded into quadrants; Grade 4, 
no cracks when folded in half; Grade 3, crack develops gradually when 
folded in half; Grade 2, crack develops immediately when folded in half; 
Grade 1, crumbles when pressed by finger.
Compression tests. For the texture profile analysis, samples were 
compressed on the flat plate o f the Instron texturometer with a cylindrical 
plunger (50mm diameter) adapted to a 5 kN load cell at a deformation rate 
o f 50 mm/min. On the basis o f preliminary trials to establish a compression 
limit that would ensure no cracking and recoverability of most samples, it 
was decided to compress samples to 40% of their height. In the test, each 
sample was compressed twice. The following parameters were determined: 
hardness (N), maximum height of first peak on first compression; 
cohesiveness (A2/Ai), ratio o f second-compression to first-compression 
positive areas. For the compression-relaxation test the compression 
procedure was as for the texture profile analysis except that the sample was
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compressed once only for one minute and the force exerted on the sample 
was recorded. Per cent relaxation was calculated as YT — 100x(F o-F i)/F 0, 
where Fo is force registered at the onset of relaxation immediately after 
sample compression and Fi is force registered after one minute o f relaxation. 
Thus, (100-Yt) is taken as an index of elasticity and is expressed as per cent 
elasticity of the gel. All determinations were carried out at least in 
quadruplicate.
3.2.2,3. Statistical experimental design
Two experiments of two variables were designed using Response Surface 
Methodology (RSM) according to a central composite rotatable design 
(Cochran and Cox, 1957). Five levels of each variable were chosen (Table 
1). For each experiment 9 combination of two variables were performed and 
assessment of error was derived from replication (5x) o f the central values 
combination. The multiple regression analysis of data and the graphical 
representation were done using the programme STATGRAPHICS 
(V6.0,STSC Inc.,Rockville MD, USA). The selected ranges for the different 
variables in each experiment were chosen on the basis of preliminary trials.
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Table 3.1 - Conditions used in the 1st and 2nd experimental design of horse 
mackerel mince washing.
Central composite rotatable design
ExptN0 Variable -1.414 -1 0 1 1.414
1 pH 5.50 
TSPP 0.00
(g-r1)
CaC03 = 65 mg.f1
5.79
0.73
6.50
2.50
7.21
4.27
7.50
5.00
2 CaC03 
TSfP 
pH=6.5
20.00
0.00
31.71
0.73
60.0
2.50
88.29
4.27
100.0
5.00
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Experiment 1: Effect o f  pH  and tetra sodium pyrophosphate (TSPP) on the 
functional properties o f  horse mackerel
3.3.1. Water holding capacity
3.3. RESULTS AND DISCUSSION
Water Holding Capacity
PH
Figure 3.1 - Contour plots for water holding capacity of horse mackerel minces
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The values of water holding capacity obtained as a function of the pH fitted 
to a linear regression model with a significance level of p<0.01. The 
correlation coefficient for the multiple regression analysis was 0.96. The 
highest values of water holding capacity were obtained between pH 6.8 and
7.0, independently of the TSPP concentration (Figure 3.1). The lowest levels 
of water holding capacity were obtained experimentally at pH 5.5 and 5.8 
and TSPP 2.5 g.l"1 and 4.3 g.l'1, respectively. Similar data were also obtained 
by Gomez-Guillen et al.(1996) who reported the highest values of water 
holding capacity in washed sardince mince in the same pH range, although 
then results were significantly affected by the TSPP level in the water. 
Likewise, Shimizu et al. (1981) reported the lowest water holding capacity 
values in Alaska pollack muscle in the acidic pH range (4.0-5.5), which 
increased when the pH of the leaching water was increased to 9.0. This 
behaviour resulted from protein precipitation and aggregation that occurs at 
acidic pH’s near the proteins isoelectric point. With a rise in pH the anionic 
charge of the protein will increase resulting in sites for water binding and rise 
of both the solubility and the water holding capacity (Chung et al., 1993). 
These changes in the charge and structure of the muscle proteins, reflected in 
the alteration of the water holding capacity (Hamm, 1960), must then he 
controlled in order to maintain a minimum amount of available water, 
essential for a proper hydration and solubilisation of the myofibrillar proteins 
and preparation of an elastic and cohesive gel.
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Protein
PH
Figure 3.2 - Contour plots for total protein of horse mckerel minces
Folding Test
PH
Figure 3.3 - Contour plots for the folding test of horse mackerel minces
Figure 3.2 illustrates the changes of the total protein percentage as a 
function of the pH and TSPP concentration. The protein content of the 
minces was significantly (p<0.05) influenced by the pH in the quadratic
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section o f the prediction model, which on account of the reduced value of 
the correlation coefficient (r=0.75) showed a low adjustment to the 
experimental design. On the other hand, the use o f TSPP in the leaching 
water did not significantly influence the protein recovery. The protein 
percentage obtained in the minces subjected to the washing at different 
combinations ranged between 13.2 and 21.5. The protein loss due to the 
leaching was reduced by approximately 25% when the pH o f the washing 
solution was lowered from 6.5 to 5.5. Similar behaviour, hut to a lower 
extent was observed when the pH was increased to 7.5. Gill et a l (1979) 
also reported that the protein loss due to leaching of cod mince was reduced 
by approximately 50% as pH of the washing solution was lowered from 7.0 
to 5.0. The selection of the appropriate pH is, therefore, extremely important 
in order to reduce the quantity o f protein loss in the washing process and 
thus, increase the yield o f the washing process.
3.3.2. Gel forming ability
Figure 3.3 illustrates the contour plots of the folding test. Both the pH and 
the concentration of TSPP significantly (p<0.01) affected this parameter. 
The regression model presented a high correlation coefficient (r=0.98) 
confirming the validity of the experimental design used. The highest values 
were obtained in the pH range of 6.4-7.1 and TSPP concentrations lower 
than
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2.5 g.l"1. For product development a high value of the folding test is 
necessary for good elasticity and cohesiveness of the final products.
Gel Strength
PH
Figure 3.4 - Contour plots for the gel strength of horse mackerel minces
78
Breaking Force
pH
Breaking Deformation 
TSPP (g litre*1) (mm)
pH
Figure 3.5 - Contour plots for the breaking force and breaking deformation of horse
mackerel minces
fRcaJtr
Figure 3.4 illustrates tlie gel strength of the minces was observed to be 
influenced by the TSPP concentration in water. Statistical analysis of the
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data disclosed a fit of this variable, both in the linear and quadratic sections 
of the regression model (r=0.98). On the other hand, the changes in the pH 
did not affect the gel strength o f the minces. The result showed that gel 
strength was decreased significantly with increasing levels of TSPP, with the 
highest values («50 Nxmm) obtained in the absence of TSPP. 
Concentrations of TSPP lower than 2.5 g .l1 induced a sharp increase of gel 
strength.
The response surface analysis of the results from the compression tests 
indicated that maximum hardness values were achieved with washing at 
TSPP concentrations lower than 2.5 g.l'1 and that the influence of pH was 
not significant (Figure 3.5). Hardness evidenced a similar behaviour 
displayed by gel strength and breaking force. Similar data were published by 
Tokunaga and Nishioka (1988) who reported that an optimum level of TSPP 
in the water (around 1.0 g.l'1), and significant lower hardness when the 
percentage of TSPP was augmented.
Experiment 2: The effect o f  water hardness (CaCOfj/TSPP on the 
functional properties o f  horse mackerel
3. 3. 4. W ater holding capacity
Figure 3.6 illustrates the influence of the water hardness and TSPP 
concentration on the characteristics o f the horse mackerel minces. The
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results of tlie water holding capacity showed a poor correlation (r=0.64) in 
the model of experimental design used. The decrease of the water holding 
capacity with increasing water hardness was observed when 2.5 g.1"1 TSPP 
concentration was used. However, the highest results (75.7%) were obtained 
experimentally with 88.5 mg.l'1 CaC03 and 4.3 g.1'1 TSPP, suggesting a 
counteraction effect o f the polyphosphate. Gomez-Guillen et al.(1996) 
reported similar decrease during sardine mince washing and attributed this 
behaviour to the increase in the cross-linldng between myosin heavy chains, 
which is normally induced by the increase in the concentration o f Ca2+ ions in 
the water. For this reason, Sonu (1986) advised the use of medium hard 
water (60 mg.l'1) to facilitate the leaching process, and also to improve the 
gel strength of the products. Hardness
pH
Figure 3.6 - Contour plots for the hardness of horse mackerel minces
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Protein
C a C 0 3 (mg litre '1)
Figure 3.7 - Contour plots for the protein of horse mackerel minces 
Figure 3.7 illustrates the values of protein as a function of TSPP and the 
water hardness. The protein content was influenced by these two parameters 
and obseived in the range 13.6% to 20.0%. It fitted linear and quadratic 
regression models at a high level of significance (p<0.05). The highest 
protein recovery was obtained in the absence of TSPP and at 45-47 mg.l'1 of 
CaC03. The lower protein content obtained at high TSPP levels is therefore 
due to
the action of the relaxing of the myosin-actin bonds and therefore an 
increased loss of myofibrillar protein in the leaching process.
3. 3. 5. Gel forming ability
Figure 3.8 illustrates the results of folding test which was foimd to be 
relatively high (Grade 4-5). Grade 5 were obtained with the TSPP 
concentrations in the leaching water of 0.78 to 2.5 mg.l'1. The water
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hardness did not show any limiting effect in the attainment o f gels with a 
high folding test. It was reported by Gomez-Guillen et al., 1996; Saeki et 
al., 1986 that higher concentrations of Ca2+ have detrimental effect on the gel 
forming ability as well as on the denaturation o f actomyosin during frozen 
storage (Tamoto, 1971).
Folding Test
2 0  3 3  4 7  6 0  7 3  8 7  1 0 0
CaC03 (mg litre'1)
Figure 3.8 - Contour plots for the folding test of horse mackerel minces
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6.0
4 . 2
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0.8 
0.0
Figure 3.9 - Contour plot for the elastcity of horse mackerel
Figure 3.9 sliows the results of the compression test such as elasticity. The 
TSPP content was observed to significantly (p<0.05) influence this 
parameter. In comparison with the data obtained in the first experiment 
(pH/TSPP), the influence o f TSPP was, once more, clearly noticeable. On 
the other hand, no significant variations were observed related to the 
quantity of CaC03. In general, minces were harder, more cohesive and 
elastic if washed without TSPP.
E l a s t i c i t y
i
2 0  3 3  4 7  6 0  7 3  8 7  1 0 0
C a C 0 3 { m g  l i t r e * ' )
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EXTRACTION AND PHYSICAL-CHEMICAL PROPERTIES 
OF NAMIBIAN SEAWEED POLYSACCHARIDES
CHAPTER 4
4.1. INTRODUCTION
Laminaria schinzii, a brown seaweed which is a raw material for the manufacture 
of alginate, occurs along the entire Namibian coast as far as Rocky Point (Figure 
4.1) (Pemith & Kensley, 1970). On a 20 km section of coast in the Luderitz area, 
it was estimated that 300 tons of Laminaria blades are available per annum.
Gracilaria verrucosa, one of the red algae along the west coast of Namibia 
grows in the sand and muddy bottom of Luderitz lagoon, Sandwich Harbor, 
Walvis Bay and the Swakopmund area. The seaweed is not haivested, but is 
collected from beach cast at Luderitz; approximately 10-15 000 tons (wet 
weight) are collected per annum. At other sites, natural stocks are insufficient to 
warrant collection. Though it is a raw material for agar manufacture, it has only 
been commmercially exploited since 1981 (Rotmann, 1987; Critchley et 
al., 1991). The yield of extract, viscosity, temperatures of gelation and melting, 
gel strength and some other physical and chemical properties of the extract are 
not well investigated.
Gracilaria is a warm-water genus (McLachlan & Bird, 1984) and as such the sea 
temperature at Luderitz is usually suboptimal for growth. Engledow and Bolton
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(1992) working on Gracilaria from Saldanha Bay (South Africa), found the 
optimum temperature for growth to be 25°C and Critchley et al.( 1991) found the 
optimum temperature to be 18°C for Gracilaria collected at Luderitz. It follows 
then that plants would reach the maximum size (for the point of attachment) 
faster under higher temperature due to higher growth rates.
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Figure 4.1 - The map to show Namibian coast.
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In the Far East and Pacific, there has been a long tradition of consuming 
seaweeds as sea vegetables, while in Western countries the principal use of 
seaweeds has been as sources of pliycocolloids, thickening agents and gelling 
agents for various industrial applications, including uses in foods. Seaweeds have 
also been used as supplements in animal meals, as fertilisers, and as soil 
conditioners. The nutritional properties of seaweeds are not known to a great 
extent and are estimated from their biochemical and chemical composition. 
However, such estimation may be insufficient for evaluating the nutritional value 
of seaweed food products; bioavailability studies are needed to complete this 
information.
Seaweeds coitain a rich supply of polysaccharides, minerals and certain vitamins 
(Arasaki & Arasaki,1983). The protein content is relatively low in brown 
seaweeds (5-15%) and high in most of the red seaweeds (10-30%) (Mabeau & 
Fleurence, 1993). The lipid content is generally low (1-3%) (Arasaki & Arasaki, 
1983).
Due to industrial development over the last few decades, different species of 
marine algae have gained importance and are major source of polysaccharides 
for different branches of food industry.
The Namibian coast, however, represents a rich source of algal raw material, until 
now not fiilly explored or investigated from this point of view, although some 
attempts were made to produce agar fr om Gracilaria (Critchley et al, 1991).
i
Hie present study is primarily focussed on the characterisation and investigation 
of the physico-chemical properties of sodium alginate and agar extracted from 
Namibian brown- (Laminaria schinzii) and red seaweeds (Gracilaria verrucosa) 
respectively.
4.1.1. ALGINATES
Alginates are linear polysaccharides made up of two uronic acids; namely (3-D- 
m annuronic acid and a-L-guluronic acid linked together through 1 —> 4 
glycosidic bonds (Figure 4.2). The mannuronie acid and guluronic acid residues 
are arranged in block structures (Haug & Larsen, 1962) that can be 
homopolymeric blocks, that is poly P-D-mannuronic acid (or MM blocks) or 
poly-a-L-guluronic acid (or GG blocks) and heteropolymeric regions that often 
occur as alternating residue blocks or MG blocks (Haug et a l, 1967). These 
polysaccharides are located in the cell wall and matrix and contribute to the 
mechanical strength of the plant tissues.
89
Figure 4.2 - The alginate monomer units
Hydrated
alginate
Ca - alginate
Sequestrant gel
Ca+
Figure 4.3 - Alginate gelation.
Alginic acid from the stipes (stems) of Laminaria hyperborea contains a high 
proportion of guluronic acid, whereas the alginic acids from the other species 
contain approximately the same proportions o f mannuronic acid and guluronic 
acid with mannuronic acid predominating. This variation depends upon the 
season, place o f collection, and part of the alga from which the alginic acid is 
isolated. The difference in structure between the alginic acid isolated from L. 
hyperborea and other species such as M. pyrifera and A.nodosum, for example, 
accounts for the differences in then functionality.
Alginic acid is usually classified in the group of substances called plant gums and 
mucilages. The usefiil properties of alginic acid are due to the fact that it is a 
macromolecule, containing ionizable groups. It is insoluble in water, but forms 
water soluble salts with alkali metals, ammonium and magnesium. With most 
divalent metals alginic acid forms gels or precipitates. Water soluble alginates 
which have veiy high intrinsic viscosities are easily prepared, and the ability to 
form viscous solutions at low concentrations is one of the most important 
properties o f alginate. External factors, such as pH, ionic strength and type of 
salts affect the viscosity of alginates. The chemical composition of alginate 
depends on the raw materials used for the preparation o f the sample.
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One of tlie most important properties of alginate^from a commercial point of view 
is their ability to exchange cations with the solution, thus making it possible to 
use alginates as an ion exchange material. The ion exchange properties of 
alginates are of particular practical importance in connection with the physical 
changes which occur in alginate solutions when divalent metals are added, such 
as gel formation and precipitation.
4.1.1.1. Gelation properties
Alginates have the ability to form gels in the presence of certain divalent (or 
multivalent) cations, particularly Ca2+. The physical properties of the gel will 
depend on the ratio of ruonic acids within the polysaccharide chains; alginates 
rich in L-guluronate foim strong but brittle gels whereas those rich in D- 
mannuronate are weaker hut more flexible (Penman & Sanderson, 1972; Rees, 
1972). The ratio of D-mannuronate to L-guluronate (M:G ratio) can be used as 
an index of the nature of the gel that will be formed in the presence of divalent 
cations (Haug et al., 1967b).
The variation in gel strength may be rationalised in terms of the modes of binding 
of cations by the various block structures that occur within the alginate molecule. 
All of the block structures are polyanionic and will form inteimolecular ionic 
bonds with di- or multivalent cations. However, regions o f polyguluronate are
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also able to cbelate the metal ions because of the spatial arrangement of the ring 
and hydroxyl oxygen atoms and thus form a much stronger type of interaction.
These polyguluronate junction zones have been likened to the cross-section of an 
‘egg-box’ where Ca2+ ions are the ‘eggs’ within the ‘egg-box’-lilce cross-section 
(Figure 4.3) of the polysaccharide chains (Grant et a l, 1973). The higher affinity 
of the polyguluronate blocks for Ca2+ ions and the fact that most algal alginates 
contain all three types of block structure will aEow the formation of a classical gel 
structure. The polyguluronate wiU form the jimction zones which wiE be 
terminated by regions of non-interaction, i.e. polymannuronate and to a lesser 
extent the random blocks.
Unlike agar, alginate generaEy forms thermostable gels over the range O100°C. 
However, there is almost certainly a transition temperature above which an 
alginate gel wiE melt, although this is weE above the boiling point of water. For 
example, the modulus o f rigidity o f an alginate gel decreases with an increase in 
temperature. (Andresen & Smidsrod, 1977) and certain mixed gels of pectin and 
alginate show thermoreversibEity (Toft, 1982) indicating that the properties of 
alginate gels are temperature-dependent.
The intrinsic viscosity of alginates depends on the molecular weight of the 
polymer. Differences in the chemical composition may influence the relationship 
between molecular weight and intrinsic viscosity (the constants in the Mark - Houwink
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equation), or possibly the rheological behaviour of the solutions. It is, however, 
unlikely that a correlation between chemical composition and the intrinsic 
viscosity itself should be obseived, as the molecular weight of the alginate, and 
thus the intrinsic viscosity, will mainly depend on the degradation which occurs 
during the preparation of the sample. Degradation duiing the alkaline extraction 
o f the alginate is due to the presence of reducing phenolic compounds in the 
extract, and in most cases is the main cause of the differences in intrinsic 
viscosities of the various alginate samples. The intrinsic viscosity of alginate 
samples prepared in the usual way with excess of alkali will therefore depend on 
the phenolic compounds present in the algal sample, hi addition to this effect, the 
phenolic compounds are responsible for the brown colour of the alkali extracts 
and, thus, of the alginate, in the preparation of the alginates the phenolic 
compounds which are soluble in acid are removed in the pre-extract and only the 
phenolic compoimds remaining in the pre-extracted material are responsible for 
the degradation of the alginate and for the colouration of the alginate extract. The 
quality of the alginate, therefore, depends on the following three factors 
characteristic of the raw material: the uronic acid composition of the alginate, the 
amount of alginic acid, and the phenolic compoimds present in the algae.
4.1.2. AGAR
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The many uses of agar relate to formation of thermoreversible gels at low 
concentration in water and with large hysteresis (Meer, 1980). The physico­
chemical and rheological properties of these algal polysaccharides are linked to 
then chemical structure.
D - 6  = / 3 - D - G a l a c t o p y r a n o s e  
L  A G  -  3 , 6 - A n h y d r o - a - L - g a l a c f o p y r a n o s e
Figure 4.4 - Structure of agar
95
Agar polysaccharides are usually composed of a repeating agarobiose unit of 
alternating 1,3-linked-D-galactose and 1,4-linked 3,6-anhydro-L-galactose 
residues (Figure 4.4) (Araki,1966). This repeating sequence can be substituted by 
methoxyl, sulphate esters, and pyruvate lcetal groups, and can also occur in its 
biological precursor form where L-galactose-6-sulphate replaces the 3,6- 
anhydro-L-galactose residue (Duckworth & Yaphe,1971; Duckworth et a l , 1971; 
Lahaye et a l, 1986). Gelling mechanisms and physical properties of agar are 
closely related to the chemical structure (Rees, 1969). The physical properties of 
agar depend on the extent and type of substitution, and correlation of the 
structure with these properties requires characterisation of the repeating units 
(Rees, 1969).
The understanding of the chemical structure of agar has advanced through
fractionation studies. Very early on, differential solubility o f native or substituted
agar polysaccharides was exploited to (1) demonstrate the heterogeneity of agar
and (2) separate agarose, the polysaccharide fraction having the highest gelling
potential, from the so-called ‘agaropectin’, the poor or non-gelling charged
polysaccharides (Samec & Isajevic,1922; Araki,1937). hi particular Yanagawa
I
(1936, in Yanagawa, 1946) ofained different yields in fractions of agar extracted 
by boiling in 70, 60 and 50% alcohol and water. Guiseley (1970) found that
4.I.2.I. Structure and heterogeneity
i
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methylated agar was soluble in hot ethanol used to precipitate the 
polysaccharides, a property that was exploited in the development of a sequential 
solvent extraction of agar involving water at different temperatures and different 
concentrations of boiling ethanol-water solutions (Laliaye et a l, 1986). Guiseley 
(1970) discovered that the higher the metkoxyl content in native agar, the higher 
the gelling temperature; however, when agar was synthetically methylated, an 
inverse relationship was obtained, demonstrating the site-specificity of 
methylation of this physico-chemical property (Guiseley, 1987). Indeed, most 
methylated derivatives in agar occur on 0-6 of galactose and/or 0-2 of 3,6- 
anhydrogalactose, whereas synthetic methylation probably occurs at random.
Average molecular weight of agar, ranging between 35 700 and 144 000 for 
commercial preparations, does not appear to determine the differential solubility 
of agar when the sequential solvent extraction method is used (Rochas & Lahaye, 
1989a). Solubility of agar depends, like other polymers, on the ability of the 
solvent to disrupt and melt the ordered conformations (gel and helices). In 
aqueous ethanol solutions, agar solubility reflects the degree and strength of 
aggregation of the polysaccharides and then affinity for different concentrations 
of ethanol, once the aggregation and helical conformation have been melted at 
high temperatures. Thus, high concentrations o f methoxyl and 3,6- 
anhydrogalactose in agar increase the hydrophobic properties of the molecules, 
allowing for then solubility in hot solutions of ethanol-water (40-80%); by
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contrast, agar substituted by charged groups and/or of low 3,6-anhydrogalactose 
content will have increased hydrophobic properties with concomitant solubility in 
polar solvents (rich in water) at more or less lower temperatures (Duckworth & 
Yaphe,1971a; Lahaye et a l , 1986; Lahaye & Yaphe, 1989).
Differences in charge densities of agar polysaccharides were exploited hi anion 
exchange chromatographic techniques introduced by Izumi (1970, 1971, 1972) 
and Yaphe’s group (Duckworth & Yaphe, 1971a, 1971b; Duckworth et 
a l,  1971).
Thus, agar is composed of an heterogeneous population^ o f molecules differing in 
then physico-chemical properties.
4.1.2.2. Extraction
Acid or alkali treatment of Gracilaria is well known as a technique for 
enhancing gelling properties and has been used in the food industry to eliminate 
sulphate residues and to form 3,6-anhydro-L-galactose. Pretreatment of agar with 
sodium hydroxide has been reported to affect the relaxation spectrum of agar gels 
(Watase and Nishinari, 1981) and the rheological properties o f concentrated agar 
gels (Nishinari and Watase, 1983). Similarly, pretreatment o f agar with acid has 
been reported (Matsuhashi, 1977).
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The effects of such chemical treatment on the rheological properties of agar have 
been described and can he interpreted in relation to the gel network theory 
(Figure 4.5) proposed by Rees (1969).
R andom  coil
Predominant in 
the sol; can exist 
as connecting 
lengths in gel 
structure and 
impart elasticity 
when they do so
D ouble helix
Provide cross- 
linking junctions 
in the gel
'J g i
wI
Aggregate
Add cross-linking 
to consolidate the 
gel structure, thus 
acting as super­
junctions
Sol ^  Incipient gel ^  Clear elastic gel ^  Stiff gel ^  Turbid rigid gel ^  Phase separation; syneresed
Figure 4.5 - States of polysaccharide molecules
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4.2. MATERIALS AND METHODS
4.2.1. MATERIALS
Gracilaria verrucosa and Laminaria schimii, red- and brown seaweeds 
respectively, harvested and dried in Luderitz, southern Namibia were kindly 
supplied by Taurus Chemicals Namibia (PTY) LTD in polyethylene bags. These 
were transported to the laboratory of the University of Surrey, School of 
Biological Sciences for analyses.
For comparison purposes,commercial agar (Deltagar LTS (P588) and commercial 
sodium alginate (MANUGEL GHB) were kindly supplied by Quest International, 
belaud and Kelco Company respectively.
Ckemicals(whick are of analytical reagent grade) used in this study were 
purchased mostly from Sigma Chemical Company Ltd., Poole, Dorset.
4.2.2. METHODS
4.2.2.I. Extraction of agar
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The non-treated agar as well as acid pretreated agar used in this study were all 
processed from the red seaweed, Gracilaria verrucosa and the flow chart is 
shown in (Figure 4.6).
Principle
The method is based on thr ee facts:
• First, experimental evidence for the extractability of agar from agarophytes 
suggests that agar may not exist as an isolated substance in the seaweed tissue, 
but may be contained as a conjugated compound with non-agar substances such 
as cellulose,
• the second postulate is that agar will be separated from, or will be ready for 
separation fr om non-agar substances in the seaweed tissue when it is soaked in a 
strongly acidic solution, pH 1 at temperature below 20°C and
• third, it is expected that by such pretreatment of seaweeds, agar will be easily 
extracted in boiling water in a neutral region of pH, because, agar is insoluble in 
cold water but dissolves in boiling water.
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(Gracilaria verrucosa)(20g)
I
Soaking in 250 ml 0.1M HC1 
(pH 1 10°C,30 min)
4
Boiling (250 ml H20 , pH 7.0, 90°C, 1 k)
4 -
AGAR GEL
4 -
Freezing (-20°C, 24 k)
4 -
Tkawing
4 -
Freeze- drying
4
AGAR
Figure 4.6 - Method of agar extraction by acid pretreatment
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Procedure
Dried seaweeds, Gracilaria verrucosa (20g), were soaked in 250 ml of 0.1 N 
H C |, pH 1, at about 10 °C for 30 min.
These acid pretreated seaweeds were washed thoroughly with water, until a pH 
of about 7 was obtained. After completion of washing, both non-treated and acid 
pre-treated seaweeds were boiled with 250 ml of distilled water for 1 h at 90 °C 
and filtered through a cloth. The agar gels were allowed to solidify at room 
temperature and were then frozen at -20 °C for 24 h, and thawed in tap water to 
rehydrate them into hydrogels. They were thoroughly washed with distilled water 
to remove the remaining impurities before freeze-drying. The agar yields were 
determined from freeze-dried materials. The comparative pretreatments were 
performed with 0.01 and 1 N HC/ .
4.2.2.2. Rheological methods
The rheological studies of agar, both small deformation and large deformation 
testing were performed according to the procedures outlined in section 5.2.2.2.
4.2.2.3. Turbidimetric determination of sulphate 
Principle:
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The method is based on measuring the turbidity formed when a mixture of barium 
chloride and gelatin is added to an acidified agar sample (Tabatabai, 1974)
Chemicals and reagents
Potassium sulphate AR 
Hydrochloric acid 
Barium chloride 
Gelatin (Sigma)
Procedure
An aliquot (40 ql) of 1% agar (w/v) was placed in a flask and the volume 
adjusted to 20 ml with water. Potassium sulphate standards containing 5-100 qg 
of sulphate were treated in the same way as sample. Next 2.0 ml of 0.5N HC1 
were added, the flask was swirled, after which 1.0 ml barium chloride-gelatin 
reagent was added. Die contents were mixed for a few seconds and after 30 min 
the mixtures were measured in a spectrophotometer at 550 nm. The amount of 
sulphate in the agar sample was extrapolated from the potassium sulphate 
standard curve.
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4.2.2.4. Protein determination
Proteins-were deteiinined by Kjeldahl method as outlined in section 2.2.2.1.
4.2.2.5. Carbohydrate determination
Determination of 3,6-anhydrogalactose with resorcinol reagent and 
simultaneous determination of galactose and 3,6-anhydrogalactose with 
anthrone reagent
Principle
Galactose and 3,6-anhydrogalactose are the major constituents in the agar. Agar 
exhibit strong colour reactions with the resorcinol. Resorcinol reagent is used for 
direct determination of 3,6-anhydrogalactose, because of the colour development 
curve which showed maximum absorbance after 15 min at 80 °C. The absorption 
spectrum of the solution heated for 15 min shift: from 520 nm to maximum 
absorption region of 550 nm.
The difference in the rate of colour formation with the anthrone reagent between 
galactose and 3,6-anhydrogalactose is used for the simultaneous determination of 
mixtures of these sugars.
Resorcinol Method
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Chemicals and Reagents
Resorcinol Reagent (130 mg resorcinol in 100 ml absolute ethyl alcohol) 
Hydrochloric acid AR
Procedure
An aliquot (40 pi) of 1% agar (w/v) was transferred to a boiling tube and placed 
in an ice bath and 10 ml of the resorcinol reagent was added. The contents were 
mixed and heated for 10 min at 80 °C. It was then cooled for 1.5 min in an ice 
bath and the absorbance was measured within 15 min at 550 nm.
Anthrone Reagent
Chemicals and Reagents
Anthrone reagent (0.2 g anthrone in 100 ml of 83.6% H2SO4)
Sulphuric acid (Specific activity 1.84)
Procedure
An aliquot (10 ml) of anthrone reagent was transferred to a boiling tube, cooled 
in ice bath for 5 minutes, then 40 pi of 1% agar (w/v) was added without mixing.
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After cooling for at least 2 minutes, the water and anthrone reagent were mixed 
whilst in the ice bath. The mixture was heated at 80 °C for 15 minutes, cooled in 
an ice bath for 5 minutes. The absorbance was then determined at 625 nm against 
reagent blank.
4.2.2.6. Atomic absorption spectroscopy 
Principle:
When an element in the atomic state is thermally excited, a small proportion of 
the atoms present is raised to a state of energy in which they emit radiation of 
frequencies characteristic of that element. At the temperature of the flame, 
however, most of the atoms present remain imexcited, that is, they remain in the 
‘ground-state’ in which condition they do not emit, but are able to absorb 
radiation of the same frequency. Atomic absoiption spectrophotometry is the 
adoption of this phenomenon for analytical purposes.
Chemicals and reagents
Cone. HNOs 
Perchloric acid 
Digestion tubes
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Procedure
Dry seaweeds (0.5g) were put into digestion tubes containing 5 ml of distilled 
water. Then, 2 ml of concentrated nitric acid were added and the mixtures were 
digested gently for 45 min at 150 °C. The mixtures were cooled and 15 ml of 
perchloric acid was added and boiled veiy gently for one hour until the solution 
became colourless. Blank was also included and treated the same way. The 
hydrolysate was diluted with 10 ml of distilled water before subjected to 
measurement by atomic absorption spectrophotometry. Standards were nm with 
the sample.
4.2.2.T. Nuclear magnetic resonance 
Principle
Nuclear magnetic resonance (NMR) is a spectroscopic technique based on the 
magnetic properties of atomic nuclei.
Nuclei are the cores of atoms. Certain nuclei possess a property that is called 
spin. Although spin has to be formally described in a quantum mechanical way, it 
can be thought of as arising from a spinning movement of the nucleus about an 
axis, an angular momentum. Because the nuclei carry electric charges, spinning 
produces a small magnetic field, which is called a magnetic moment.
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By applying electromagnetic radiation of a frequency tliat corresponds to tlie 
energy difference between tbe two spin states, the spin will transfer from the spin 
up state to tbe spin down state, and vice versa. This phenomenon, which is 
common for all spectroscopic techniques, is tbe resonance principle. Because an 
external magnetic field is used, one uses the term nuclear magnetic resonance.
Procedure
Since high concentrations of polysaccharides have strong gel forming properties 
in aqueous media, high resolution NMR spectra were measured after partial 
hydrolysis under mild conditions.
Polysaccharide sample (50 mg) were heated in 0.7 ml of 0.3 M HC1 at 95°C for 
20 min A small amount of insoluble substance was removed by centrifugation. 
D20 (1 ml) was added to 50 mg of tbe supernatant and analysed by NMR 
spectroscopy.
NMR spectra were measured at 300 Mhz, in the field-fiequency sweep mode 
with Broker Spectrometer, with 15 s recycle time, at 90 °C. Chemical shifts were 
expressed on a ppm scale relative to D20 peak (D20 4.78 ppm).
4.2.2.8. Differential scanning calorimetry (DSC)
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Agars are large copolymers with random interruptions of the regular sequences,, 
71^undergo temperature-dependent conformational transitions, in aqueous solution, 
and show an interesting rheological behaviour, including the formation of gels. 
Both processes strongly depend on the nature and the amount of the supporting 
simple electrolyte. DSC was used to measure the dependence of the melting 
temperature on ionic strength.
The experiment was carried out according to the procedure outlined in section
5.2.2.3.
4.2.2.9. Raman Fourier Transform Infrared spectroscopy 
Principle
FTIR is an alternative to scanning and produces an interference pattern between 
the sample beam and a reference beamThe optics are veiy different from those of 
the normal double beam system* The pattern is generated very quickly, but it has 
to be transform mathematically into the normal foim of the data. It provides 
valuable and detail information on the aromatic and aliphatic side chains of a 
substance.
Procedure
About few grams (2g) of each dried film of non-treated, 0.1M HC! treated agar 
were placed in a test tube and measured by Raman FTIR. Commercial
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canageenan was used as a reference and wavenumber was from 200 to 1600 cm 
1
4.2.3. SODIUM ALGINATE
4.2.3.I. Extraction of sodium alginate 
Principle:
Alginate occurs as an insoluble salt with calcium as the main cation. The 
extraction of alginate may he regarded as a two step processes:
• a transformation of insoluble alginate into soluble alginate, e.g. sodium alginate, 
followed by a diffusion of the soluble alginate into the solution and
• transformation of the calcium alginate into algiuic acid which is followed by 
neutralisation of the algiuic acid with an alkaline sodium salt (Rose, 1950):
Ca(Alg)2 + 2IT -» 2Halg + Ca^
Haig + Na+ -» NaAlg + H*
The symbol Alg is used for the monomeric unit C5H7O4COO-, regardless of 
whether it has guluronic or maunuronic configuration.
Ill
The extraction of sodium alginate is described in Figure 4.7 and the method was 
adapted from Rose (1950).
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Figure 4.7 - Extraction of sodium alginate
The presence of contaminating phenolic compoimds were measured as follows: 
An aliquot (50 ml) of 0.1, 0.2, 0.3, 0.4, and 0.5 M HCf were each added to 2 g 
of dry Laminarici schinzii and boiled at 100 °C for 20 min. After cooling to room
bytemperature, the acidic extracts were collected and analysed colorimetry at 420 
nm for phenolic compoimds.
4.2.3.2 Determination of phenolic compounds
4.3. RESULTS AND DISCUSSION
4.3.1 AGAR
Table 4.1 - Properties of Gracilaria verrucosa agars
Sample
Non­
acid
treated
agar
Yield
(%)
34
G’at20°C  
(Pa)
798
Gel
Strength
(g)
128+3.5
Gelation
Temp
(°C)
36.0
Tm
(°C)
Sulphate
(%)
68.0 0.0164
0.01 M 18 
HC1
7240 138+17 42.2 66.7 0.0164
0.1M
HC1
1.0M
HCI
19
11
8741
3538
190±14
132±10
41.7
53.7
84.8 0.0160
64.4 0.0160
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The yield of agars, expressed as a percentage of plant dry weight was highest in 
non-acid treated agar (34%) and varied between 11% and 19% in acid treated 
agars (Table 4.1).
The maximum yield of 34% was obtained from non-treated agar after 1 h heat 
treatment at 90°C. The low yield in the acid-pretreated agar may be due to 
leaching during washing.
4.3.1.1. Extraction
Figure 4.8: Absorbance of 3,6-anhydrogalactose 
a s  a function of acid concentration
3 .1 5  
3.1*E
|  3 .0 5  m
A
< 2 .9
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HC< A')clfKri
Figure 4.8a - Absorbance of 3,6-anhydrogalactose as a function of acid
concentration
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Fig. 4.8(b): Galactose & 3,6-anhydrogalactose 
Absobance as a function of acid concentration
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Figure 4.8b- Absorbance of galactose and 3,6-anhydrogalactose as a function of
acid concentration
4.3.I.2. Chemical Properties
The sulphate and carbohydrate contents of agar are shown in (Table 4.1 and 
Figure 4.8a and b), respectively.
The utilisation of anionic polysaccharides (carboxylated alginates, sulphated 
agar) as gelling agents /£ strongly dependent on the quantity of cations present 
in the polysaccharide suspension.
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NMR, Infrared spectroscopy and DSC provide the means of investigating the role 
of cations and tlieir influence on the rheology and hence ultimately the textural 
character of the resultant gel.
By assuming that acid pretreatment of seaweed removes the sulphate content, the 
use of rheology coupled with preliminary NMR studies enabled us to illustrate tbe 
influence of sulphate on the formation of gel network.
It was demostrated that tbe sulphate content of both the non-treated and 0.01M 
HC1 treated agars were tbe same, i.e. 0.0164%, whilst 0.1M and 1M HC1 treated 
agars were found to be 0.0160%. Though the sulphate content decreased with 
increasing acid treatment concentrations, no major significant difference were 
obseived, except 2.44% decrease from the former group to tbe latter.
The results seemed to confirm two aspects: a) reinforce tbe results of NMR 
spectrum (Figure 4.10) which show an absence of sulphate peak at the chemical 
shift where it is supposed to appear and, b) reinforce earlier findings (Gidley et 
a/,1994) which showed low level of sulpkation in tbe Namibian agar extrated 
from Gracilaria verrucosa, though this was estimated by ]H NMR.
Also, one possible explanation why in this particular study tbe sulphate contents 
was found to be veiy low, is due to the fact that frozen gels were subjected to 
thawing, then to washing. In this case, one would expect sulphate to nm off in 
tbe process, contributing to tbe decrease of sulphate, in addition to those which 
dissolved into tbe acid solution.
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By looking at the gelling temperature in Table 4.1, sulphate appeared to be 
controlling the gelation temperatures and thus moderating the kinetics of network 
structure formation.
The carbohydrate contents of the agar are illustrated in Figure 4.8a and b. They 
showed that gradual increases in the content of 3,6-anhydro-galactose were 
observed with increased acid pretreatment up to 0. IM HC1. When the content of
3,6-anhydrogalactose determined by resorcinol reagent (Figure 4.8a) are 
subtracted from both galactose and 3,6-anhydrogalactose determined 
simultaneously by anthrone reagent (Figure 4.8b), it was observed to he around 
70%. Presumably this shows why the agar is of higher gel strength even at the 
non-treated level.
Sulphate contents in Table 4.1 and 3,6-anhydro-galactose in Figure 4.8a-b 
obeyed inverse proportionality, i.e. decrease in sulphate content corresponded to 
an increase in 3,6-anhydro-galactose.
4.3.1.3. Physical properties
Gel strengths obtained as a result of acid pretreatment of seaweed are shown in 
Table 4.1. The gel strength of the crude agar extract increased with increased 
concentrations of hydrochloric acid treatment, up to 0.1M. Beyond this 
concentration, the gel strength decreased.
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The treatment of agar hy acid is commonly used to de-esteiify the primary 
sulphate ester at C-6 of the 4-linked galactopyranose unit and to increase the gel 
strength and 3,6 anhydro-L-galactose content.
In this study, the treatment with 0.1M HC1 was the most effective for extracting 
agar resulting in a higher elastic modulus of 8741 Pa at 20°C compared with non­
treated agar which gave very weak gels with elastic modulus (G’ values) of 798 
Pa at 20°C (Table 4.1).
Beyond the 0.1M HC1 concentration, a decrease in gel strength is thought to he 
caused by the chemical degradation and chain breakage dining heating (Nisliinari 
and Watase, 1983),thus producing lower G’ values.
The relationship between the temperatures of gel formation and 1% w/v agar 
produced by different extraction is shown in Table 4.1. The gelling temperature 
increased with increasing acid concentration in the treatment.
Along with temperature, one of the main factors determining the conformational 
state and the gel-forming capacity of agar is the concentration of sulphate in the 
agar. Thus the lower sulphate agars produced the strongest gels.
This property has also been shown by agar which were extracted by alkali 
(Watase, 1975; Watase et a l , 1975),found that when agar was treated with alkali, 
the sulphate ester was eliminated and the content of 3,6-ankydro-L-galactose 
increased. With increase of the 3,6-anliydro-L-galactose, the alternation of D-
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galactose and 3,6-ankydro-L-galactose increased, and the double helix structure 
of agarose molecules was stabilised.
hi addition, observation by (Watase, 1985) by tbe DSC technique, showed that a 
gel without alkali treatment induced an endotliermic peak at 55°C, which shifted 
to higher temperatures with increasing concentration of tbe alkali. Tbe shift; to 
higher temperatures was attributed to tbe increase in ciystallinity (Watase, 1981; 
Nishinari, 1983), which is caused by an increase in hydroxyl groups and 3,6- 
aiihydro-L-galactose through the de-esterification by alkali pretreatment.
Similarly, in this study, it was found that with increasing acid concentration, the 
gelation temperatures increased (Table 4.1); exothermic peaks became more 
intense, and endotkermic peaks also shifted to higher temperatures (Figure 4.9).
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Figure 4.10 - NMR spectrum of 0.5% (w/v) agar in D20
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Nuclear magnetic resonance (NMR)
The NMR spectra of agar in D20 is shown (Figure 4.10), indicating D-galactose and 3,6- 
anhydrogalactose peaks at 5.34 and 5.81 ppm respectively.
The spectrum also demonstrated the presence of 2-O-methyl-anhydrogalactose, 4-0- 
methylgalactose and 6-O-methylgalactose at 4.20, 4.09 and 4.02 ppm respectively.
When the sugar composition of the main chain, namely the molar ratio of D-galactose and
3,6-anhydrogalactose and their substituents were semi-quantitatively calculated from the 
spectrum, they were found to be 43.5 and 39.7% respectively. The 2-O-methyl- 
anhydrogalactose, 4-O-methylgalactose and 6-O-methylgalactose were found to be 3.8, 3.0 
and 10.1% respectively.
The presence of sulphate was not shown, not even at the D-galactose (5.34 ppm) where it is 
expected to have deshielding effects, if at all it is present.
The NMR results therefore confirmed the observation by colorimetry which showed low 
levels of sulphate in both non-treated and acid treated agars (Table 4.1). The presence of the 
low levels of sulphate in colorimetric and NMR techniques were also confirmed by Raman 
FTIR method (Figure 4.11), which showed only a small peak ? at about 1250 cm'1. Although 
the difference in sulphate levels between non-treated and treated agar was observed to be 
around 2.44% by colorimetric method, Raman FTIR showed slightly higher value for treated 
than non-treated, although it was not significant. These observations are comparable to the 
results of Gidley et a l (1994) who also found low levels of sulphate in the Namibian agar 
from Gracilaria verrucosa.
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Figure 4.9 - DSC curve of 1% (w/v) non-treated agar 
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Figure 4.9 - DSC cun/e of 1% (w/v) 0.01M HCl-treated agar
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Figure 4.9 - DSC curve of 1% (w/v) 0. IM HCl-treated agar
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Figure 4.9 - DSC curve of 1% (w/v) IM HCl-treated agar
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D ifferential Scanning Calorimetry (DSC)
The DSC thermograms of non-treated and acid pretreated agars are illustrated in Figure 4.9. 
These thermograms are concerned with the determination of melting temperature of agar 
conformation in the presence and absence of gels.
The DSC thermograms demonstrated slight increases in endothermic peaks with increase in 
acid concentration. The endothermic peaks of non-treated, 0.1, and 1 M HCL pretreated 
agars were observed at 75.42, 76.63, and 78.38 °C respectively.
The transition temperatures may be seen in terms of the electrostatic treatment proposed by 
Manning (1969). In the presence of a gel, prepared from agar dissolved in water, i.e. where 
other salts are absent, the heat corresponding to the crosslinking of the gel is characterised 
as a function of the ionic content of the agar. In contrast, in the presence of salts, agar may 
not gel and it is important to view the conformational helix-coil transition as a function of the 
nature and concentration of the counterions and of the solvent.
The shift of the melting temperature to higher temperature as a result of increasing the acid 
concentration may be attributed to the increase in crystallinity, which is caused by the 
increase of hydroxyl groups and 3,6-anhydro-L-galactose through the de-esterification by 
acid treatment.
Gel formation of aqueous solutions of agar is governed by the balance between solubility and 
crystallinity (Watase and Arakawa, 1968; 1971).
The solubility of agar depends on the concentration of ionised groups. When the agar gels 
are de-esterified by acid pretreatment, they contain extra hydroxyl groups in the molecule, 
and the number of hydrogen bonds increases, and then the microcrystalline structure of agar 
gels become more stable.
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It has been reported that compared with acid or alkali treated agar, non-treated agar contains 
more sulphate groups in the molecule. In this case, water in the neighbourhood of sulphate 
groups plays a role as a structure breaker (Suzuki and Uedaira, 1974), and then the activity 
of water increases, with the simultaneous increase in solubility.
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Figure 4.11 Raman spectra of commercial carrageen, Namibian Agar and treated Agar
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4 3.2. SODIUM ALGINATE
Table 4.3- Correlation between dilute acid and reduction of phenolic compounds
HO Concentration (M) Absorbance (420 nm)
0.1 0.187
0.2 0.209
0.3 0.276
0.4 0.262
0.5 0.241
N
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The relative amounts of the acid soluble part of the phenolic compounds when the brown 
seaweeds are pre-extracted with dilute acid of various are shown in Table 4.3
In the preparation of alginates the phenolic compounds which are soluble in acid are removed 
in the pre-extract and only the phenolic compounds remaining in the pre-extracted material 
are responsible for the degradation of the alginate and for the colouration of the alginate 
extract.
The result demonstrated the highest reduction in phenolic compounds with an increase in 
acid normality up to 0.3 M HCL From the obtained result it can be argued that when sub­
optimum acid normality is used in the pre-extraction, reducing compounds will remain with 
the alginate fraction, and ultimately cause the degradation of the final alginate product.
4.3.2.1. Extraction
4.3.2.2. Chemical composition
Nuclear magnetic resonance (NMR)
The -^NMR spectrum of sodium alginate illustrated in Figure 4.12, provides information 
about the uronate residues in the alginate.
The 300 Mhz -^NMR spectra exhibited four dominant peaks for G-l, GM, M and GG-5 as 
expected from the number of different carbon atoms in the monomers.
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The chemical shifts were assigned relative to the D20 peak(4.78 ppm), and G-l, GM, M, and 
GG-5 were observed at 5.70, (5.34 and 5.32), 5.09, and 4.37 ppm respectively. The 
spectrum show that the GM fraction contained nearly equal amounts of both types of 
monomers, i.e. G and M in the heteropolymeric block.
The molar ratio of guluronic and mannuronic acid was semi-quantitatively calculated from 
the peaks of the spectrum and were found to be 75.1% and 24.9% respectively.
The observed results seemed to fall well within the expected range for Lam inaria species 
since the typical composition for stipes (stem) of Lam inaria hyperborea are normally about 
30% and 70% (Protan Biopolymers A/S, 1990). M and G respectively.
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Figure 4.12 - NMR spectrum of 0.5% (/v) sodium alginate in D20
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Table 4.4- The effect of calcium carbonate on the gelation of 1% odium alginate aged for 
24 h
CaC 03 
(g)
G’at 
0 s 
(Pa)
G’ at 
60 s 
(Pa)
G’ at 
120 s 
(Pa)
G’ at 
180 s 
(Pa)
0.1 582.4 529.3 342.1 322.7
0.2 71.7 50.9 51.8 51.6
0.3 72.5 38.5 36.8 36.8
0.4 69.0 54.9 56.2 57.6
Table 4.5 - Frequency sweep of 1% (w/v) sodium alginate containing 
various amount of calcium carbonate at 20°C.
Amount of CaC03 (g) Frequency (rad/s)
0.1 50.1
0.2 19.9
0.3 19.9
0.4 25.1
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4.3.2.3. Gelation properties
The effect of various amount of calcium carbonate on the gel strength of 1% sodium alginate 
obtained after 0, 60, 120 and 180 seconds when variable stress was applied are illustrated in 
Table 4.4.
The results indicated that the combination of 0.1 g calcium carbonate with 1% (w/v) sodium 
alginate produced the highest gel strength, hence the best viscosity. In addition, tf-.S"
indicated that when 0.1-0.4 g calcium carbonate is added to 1% sodium alginate, the 
crosslinks break at 50.1, 19.9, 19.9 and 25.1 rad/s respectively.
The results are consistent with other studies (Mitchell and Blanshard, 1976) and showed that 
time independent factor is applicable to sodium alginate containing 0.1 g calcium carbonate 
because of its more viscous nature, and a time dependent factor associated with the breakage 
of crosslink for the other amount of calcium carbonate, because of their less viscous nature.
The increase in the gel strength of 1% sodium alginate with the lowest calcium carbonate can 
be attributed to the degree of syneresis. Also, an increase in the calcium carbonate level had 
an influence on the pH of the samples with 0.1 g calcium carbonate around 4.6, whilst the 
other 7.55, 7.74, 7.56 for 0.2 g, 0.3 g and 0.4 g respectively.
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4.3.2.4. Mineral and protein content
Table 4.2a- Amount of metals (jug/g) on seaweed dry weight basis.
METAL LA M IN A R 1A  G R A C IL A R IA
S C H IN Z II  VERRU C O SA
(Hg/g) (pg/g)
Mercury 26.52 27.68
Arsenic 23.80 31.72
Lead 5.00 5.00
Cadmium 1.48 1.60
Zinc 9.30 18.70
Copper 1.00 2.30
Iron 100.0 458.0
Aluminium 88.2 250.8
Chromium 0.58 1.68
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Selenium 0.04
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0.50
Table 4.2b- %Nitrogen content of seaweed on dry-weight basis 
Lam inaria schinzii 1.17±0.1
Gracilaria verrucosa 2.95+0.3
The mineral contents of both Gracilaria verrucosa and Lam inaria schinzii are illustrated in 
Table 4.2a
The result demonstrated that Gracilaria verrucosa contained high contents of essential trace 
elements, particularly Zn, which is essential for various enzymes such as carbonic 
anhydrase, carboxypeptidase, alkaline phosphatase and several dehydrogenases; copper and 
selenium which are also essential for enzymes cytochrome C oxidase, and glutathione 
peroxidase respectively.
It is noteworthy to observe the arsenic results (Table 4.2aj since seaweed foods are known to 
contain more arsenic than any other foods, and the presence of large amounts can be a 
serious problem. The observed amounts were 23.80pg/g and 31.72qg/g for Lam inaria  
schinzii and Gracilaria verrucosa respectively. These are similar to those reported in the 
literature for other Lam inaria species. In a study by Whyte & Englar (1983), the total 
organic- and inorganic arsenic content for Lam inaria japon ica was found to be 50-60 ppm 
of dry, whilst in a separate study (Shimokawa et a l 1971) found 13-30 ppm to be the total
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inorganic- and organic arsenic content of Nori Porphyra tenera, an edible red seaweed 
product.
The percentage nitrogen content on a dry weight basis of both seaweed species are shown in 
Table 4.2b.
The results demonstrated that Gracilaria verrucosa, a red seaweed had a higher protein (% 
Nitrogen x 6.25) value (18%) than Lam inaria schinzii, a brown seaweed (7%). These results 
are consistent with the observation made by other studies (Johnston, 1972) that red seaweeds 
have more protein than brown seaweeds. Seaweed protein quality and its digestibility, in 
general, have not been elucidated like those of higher plants. However, from few the studies 
reported (Kimura, 1952; Matsuki, 1960; Fujiwara-Arasaki et al., 1984) seaweed proteins 
appear to have lower digestibility values compared to those of higher land plants.
Although Table 4.2 (a) and (b) reflect the mineral and protein contents respectively, it should 
be noted that seaweeds in general, undergo marked variations in chemical composition 
depending on the season of the year, the habitat, seaweed part used (e.g. frond, stipe etc.), 
and the depth at which they grow. Therefore detailed studies and the complete history of 
samples used are required for a more meaningful treatment of the results.
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C H A P T E R  5
I N T E R A C T I O N  O F  FIS H  P R O T E I N S  W I T H  A G A R
The aim of this chapter is to investigate the interaction between fish proteins 
and agar by rheological, calorimetric and microscopic methods. This 
introduction discusses the role of the hydrocolloids in the development of a 
finished product to achieve an optimal product quality. The introduction to 
this chapter is also applicable, in part, to Chapter 6.
5.1. INTRODUCTION
Protein-polysaccharide interactions are singled out in processed foods for 
two major reasons. First, the structure, rheological and other 
physicochemical properties of many processed and convenience foods are 
determined to a large extent by the behaviour of proteins and polysaccharide 
components. Second, as a result of investigations carried out in this field, 
new methods of protein isolation and incorporation into new food products 
have been developed (Tolstoguzov et a l , 1985).
Food, in general, is a complex mixture of proteins, fat, starches, cellulose 
and other polymers, as well as low molecular weight compounds. In the 
design of fabricated food, most attention is usually focussed on the three
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basic building blocks: proteins, fats and carbohydrates, with the addition of 
vitamins and minerals, and flavours and colours for palatability and consumer 
acceptance (Glicksman, 1976). This whole composition must be given shape, 
firm texture and functionality to make an acceptable food product which 
relies on the interactions among various constituents. One group of food 
ingredients which is most effective for this purpose is hydrocolloids. The two 
other ingredients normally used are air and water, both of which play an 
important role in the final food texture.
The function of hydrocolloids in general is to control the rheological 
properties of the food product. They improve or manipulate the texture of 
food products because of their ability to retard flow, modify gelling 
characteristics and preserve emulsions and suspensions. Hydrocolloids have 
many functional properties and are classified into three categories (e.g. 
natural, modified natural and synthetic) depending on their source of origin 
(Glicksman, 1976).
All gums dissolve or disperse in water to give a thickening effect. The 
second major property exhibited by selective hydrocolloids is that of gelling. 
This phenomenon also plays an important role in the sensory properties of a 
food product. It involves the association or cross-linking of polymer chains 
to form three dimensional continuous networks which immobilises the water
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within it to form a firm rigid structure that is resistant to flow under pressure 
(Glicksman, 1976). Only a few hydrocolloids form gels and can be 
interchanged in certain applications.
Some of the physical properties of hydrocolloids that are responsible for 
modifying the rheology of a solution are molecular weight, molecular weight 
distribution, degree of hydration, extent of extra- and intermolecular 
interaction and ability to stabilise emulsions, foams and suspensions.
One of the most important areas of development is that of meat analogs, 
reformed meats, and fabricated meat chunks. With soaring prices of meat 
and the development of new protein sources, the technology needed for 
converting vegetable proteins into textured meat products or reshaping meat, 
fish and poultry by-products into acceptable, palatable shapes, is heavily 
dependent upon the innovative application of hydrocolloid technology.
Boyer (1954) introduced the technology of spinning protein fibres to the 
preparation of edible meat-like structures. The process was based on 
changing the protein configuration by solubilising the protein, unfolding the 
protein chains and reforming them in roughly parallel fashion, thus 
simulating muscle protein fibres. This process made possible, for the first 
time, the fabrication of meat-like products according to predetermined or 
designated levels of protein, fat and carbohydrate. In addition, colours,
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flavours, vitamins, minerals and other constituents could be added as desired. 
The Boyer process is still the basis for commercial manufacture of many 
such products (Boyer, 1954).
During processing, specific textural properties can be imparted to the 
prepared fibres by additives which can be incorporated within the fibers prior 
to spinning, or by coating the fibres and/or impregnating them after spinning. 
Some of the more effective additives are various gums and starches, which 
when incorporated within the fibres, affect or impart chewability, 
stretchability, elasticity, cohesiveness, adhesiveness, moisture retention, 
hydratability (or rehydratability), freeze-thaw stability and water activity 
(stability).
The muscle proteins of pelagic fish are reported to have poorer gelling ability 
than demersal fish proteins (Shimizu et a l , 1981). Whether this property 
arises from intrinsic differences in the proteins from the two groups, or from 
the presence of higher levels of lipid in the pelagic fish, is a moot point. The 
proportions of actin, myosin and tropomyosin in the muscles of pelagic and 
non-pelagic fish would appear to be similar, as are the patterns of the protein 
amino acids.
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Agar is used to improve or manipulate the texture of food products because 
of its ability to increase viscosity; modify gelling characteristics and stabilise 
emulsions and suspensions. In some countries, agar is used in the 
manufacture of canned meat, fish, and poultry products. It is used as a 
gelling agent at 0.5 to 2.0% of the broth weight to form a firm, protective 
gel in the can that can withstand autoclaving and prevent damage to the 
contents during transit and storage (Selby and Wynne, 1973). Gelatin and 
carrageenan have also been used for this purpose but are not as satisfactory 
because of their lower melting temperatures. Agar is preferred because of its 
higher gel strength, higher melting temperature, and greater resistance to 
autoclaving. Agar has also been used as the basis for a canned, flavoured 
tuna in agar jelly developed in Japan (Anon, 1958). In canning tuna fish, agar 
is reported to prevent the constituents of certain fish (herring) from detinning 
and blackening the contents of the can and thus rendering it unsaleable. A 
similar use is reported in hot countries, where cooking with agar provides a 
temporary method of preservation for easily spotted foodstuffs (Chapman 
and Chapman, 1980).
Hydrocolloids, including agar interact with water, and the net effect of 
admixing, particularly when accompanied by changes in temperature, is to 
cause some rearrangement of the polymer and water molecules, the actual
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result being a function of the hydrocolloid-water interaction as well as the 
temperature and concentration regimes.
A variety of phenomena accompany these rearrangements and include not 
only pronounced changes in viscosity and viscoelasticity, but also phase 
separation e.g. gelation, coacervation, swelling and syneresis as well as more 
specific effects upon diffusion and crystal nucleation processes.
Hydrocolloids differ widely in their interactions with water. For example, 
one material may form a thick viscous solution with cold water, a second 
may dissolve only on heating but will form a thick gel on cooling (e.g. agar), 
a third in cold water but will only gel (and that reversibly) on heating, while 
starch granules remain, in the cold, a white apparently unchanged precipitate 
in the bottom of the vessel.
The behaviour of a hydrocolloid in aqueous solution will depend on the 
interactions which occur between hydrocolloid and solvent molecules; 
between individual hydrocolloid and other solute molecules in the solution. 
In addition to these direct effects there are, what may be termed, indirect 
effects such as competition between the hydrocolloid and other solutes for 
the available water molecules. An indirect effect of this type, which changes 
the extent of hydration of the hydrocolloid, may significantly alter the 
properties displayed by the hydrocolloid, but does not necessarily imply that
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any chemical interaction occurs between the hydrocolloid and the other 
solute molecules.
Hydrocolloids find wide application because of their ability to thicken, or 
increase the viscosity of the medium in which they are dissolved. In very 
dilute solutions the optimum properties are obtained from the hydrocolloid 
by maximising the hydrocolloid-solvent interactions and minimising the 
intramolecular hydrocolloid-hydrocolloid interactions. This should result in 
maximum extension of the hydrocolloid molecule and give high values for 
the intrinsic viscosities. As the concentration of the hydrocolloid solution is 
increased, then intermolecular interactions may develop between 
neighbouring hydrocolloid molecules and the viscosity of the solution shows 
a substantial increase.
The development of intermolecular interaction leads to increasing departure
from Newtonian behaviour, as the apparent viscosity is now sensitive to
|shear rate. Intermolecuar interactions involving polyanionic hydrocolloid 
may show some differences compared withfhe intermolecular interactions of 
neutral hydrocolloids. Thus the presence of charge on each polyanion may 
inhibit intermolecular interactions, while cations which are inevitably present, 
or are deliberately added to the solution, may have a specific role to play in 
the development of intermolecular interactions.
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Although these effects may only become apparent at relatively high 
concentrations of the hydrocolloid, some understanding of the interactions 
occuring between different salts of anionic hydrocolloids and solvent water 
molecules may be obtained from investigation of the enthalpy changes 
occuring when solutions containing low concentrations of polyanion are 
diluted.
Clearly both the nature of the hydrocolloid and its interactions with water 
are important.
Thermally-set gels can be produced individually from both globular proteins 
(fish proteins) and polysaccharides (agar) in solution, and, though this 
investigation deals specifically with the properties of composites based on 
these two components gelled together, it is useful to describe their separate 
gel-forming behaviour.
It is now believed that the effect of heat on the stable native protein, at the 
initial unfolding stage at least, is to only partly disrupt the native tertiary and 
secondary structures. This disruption is usually sufficient, however, to 
expose some hydrophobic residues to aqueous solvent (Clark et al., 1982). 
The result is a compact particle capable of self-association by hydrophobic 
interaction. If the protein concentration is high enough, a gel network may
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form whose uniformity depends on the balance achieved between attractive 
(hydrophobic interactions, and in some cases hydrogen and covalent bonds) 
and repulsive (electrostatic) forces, a balance depending largely on prevailing 
conditions of pH and ionic strength.
For the gelling polysaccharides on the other hand, the picture is quite 
different. Whilst, in the case of proteins, the association involved is of 
compact molecules whose ordered peptide chain secondary structure plays a 
minor role in the bonding process, it is now well established that 
polysaccharide gelation (a cold-set process) involves fairly extended polymer 
chains and proceeds by formation of ordered quasi-crystalline junction zones 
(Morris et al., 1911; Rees and Welsh, 1977) separated along a single chain 
contour by flexible regions. The strength and elasticity of gels of this type 
depends on sharing of these junction zones between chains, and on the 
number of zones established per chain.
Edible gels may be produced by three kinds of interaction between proteins 
and polysaccharides. The simplest kind is that between any protein having a 
net positive charge and a negatively chargecjlsulphated or carboxylated 
polysaccharide. Much more specific is the formation of a gel between two 
macromolecules bearing the same overall charge, as, for example, the gelling
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of k-carrageenanan by k-casein. Thirdly, there is the highly selective linking 
of polysaccharide to proteins by covalent bonds.
Apart from the formation of micellar structures, which is mainly observed 
during stabilisation of casein by sulphated polysaccharides (e.g. carrageenan) 
(Imeson et al., 1978), the other major forces responsible for interactions 
between proteins and acidic polysaccharides are electrostatic in nature. 
There is little or no interaction between proteins and non-ionic gums.
Generally the functional properties of complexes differ considerably from 
those of individual polymers. In the case of the protein-anionic 
polysaccharide complex, the conformation and charge ratio of the molecular 
components dictate the properties. In the case of incompatibility, depending 
on the concentration of the two polymers, phase separation may result, with 
the higher concentration polymer forming the continuous phase.
Complex formation can be used to increase protein solubility and thus 
increase the pH range over which the protein solution is stable, or decrease 
protein solubility for protein recovery from dilute solutions (Grinrod and 
Nickerson, 1968; Payens, 1972; Hill and Zadow, 1978). Denatured proteins 
can also be solubilised using sulphated polysaccharides (Gurov et al., 1974, 
1977).
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Although polysaccharides can increase the solubility of proteins, formation 
of insoluble complexes have also been reported.
Gelation is one of the most important functional properties in food systems. 
The various stages involved in the process are conformational changes on 
the protein molecule, their aggregation, and formation of a three dimensional 
gel network from interacting aggregates. The presence of an incompatible 
polysaccharide contributes to the thermodynamic activity of a protein in 
solution - it intensifies the aggregation of denatured molecules and hence 
promotes the gelation process.
Protein-polysaccharide complexes can be regarded as a new type of gelling 
agent where the formation conditions as well as rheological and other 
physicochemical properties of the gel can be controlled. This phenomenon is 
attributed to the occurrence of salt linkages between proteins and anionic 
polysaccharides. Of particular interest is the possibility of forming gels from 
the solutions of electrostatic protein-anionic polysaccharide complexes under 
the conditions where the two individual components will not gel.
The stability of any structure can be judged by studying its diruption; thus 
the stability of a protein can be determined by studying its denaturation. 
Similarly, double helix-coil transition of agar polysaccharides can be 
determined by heating.
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Since a protein molecule is a macroscopic system, the disruption of its 
structure should be regarded as a change in the macroscopic state of the 
system.
The native protein structure, can be disrupted by changing different variables 
specifying the external conditions, such as temperature, pressure, pH, and 
concentration of denaturants. However, the information on the energetic 
basis of a protein structure can be obtained only by using temperature as a 
variable, because temperature and energy, or enthalpy, of a system are the 
conjugate variables determining the state of a macroscopic system. 
Experimentally, the temperature dependence of enthalpy can be determined 
only by direct measurements of the thermal energy absorbed upon heating of 
the studied material, i.e. only by calorimetric measurements of the excess 
heat capacity of this material.
Since in the case of protein one is interested in the intramolecular disruption 
process, it is necessary to measure the heat capacity of the protein in a 
solution dilute enough that the effect of the interaction between proteins is 
neglible. But in such a solution the heat effect that should be measured, the 
thermal energy absorbed by the protein molecule upon heating, is also small, 
especially against the background of intensive heat absorption by the solvent, 
which dominates in dilute solutions. Therefore, studies of protein
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thermodynamics requires the development of a special sensitive calorimetric 
technique, which is known as scanning microcalorimetry.
The study of mixed gels in the synthetic polymer field has been particularly 
important recently. Much work has been carried out (Sperling 1977; 
Klempner, 1978) on so-called ‘interpenetrating networks’ (EPN’s). In its 
simplest form an IPN can be made by swelling a preformed gel of component 
I with a solution of monomer II, and then cross-linking this second 
component. Since, even in a mutual solvent, the majority of two-polymer 
systems are compatible only over limited ranges of temperature and 
concentrations, the exact morphology of an IPN microstructure formed in 
this way depends on a subtle balance of thermodynamic factors. In general, 
however, in such systems both components exhibit phase continuity, even 
though in many cases this may be less in degree for network II than for 
network I. In other situations, however, co-gels can be made which exhibit 
less phase II. For example the two components form an emulsion prior to 
gelation owing to restricted miscibility. When this is gelled one gel 
microphase is distributed discontinuosly through a continuos supporting the 
gel matrix. Finally, it should be noted that quite the opposite situation is also 
possible when mutual compatibility and reactivity are so great that gel
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formation takes the form of a co-polymerisation, only one gel phase is 
apparent even at high levels of microscope magnification.
Since a considerable body of experimental data is now available for mixed 
gels, and in particular for IPN’s, some correlation is now possible between 
composition and microstructure on the one hand, and mechanical properties 
on the other. For micro structure determinations the electron microscope 
provides an invaluable tool.
Gels usually exhibit a pronounced viscoelastic behaviour - in the technique 
known as dynamic mechanical rheology. A gel sample is subjected to an 
oscillating (usually sinusoidal) deformation, and the magnitude and phase lag 
of the resultant stress wave is detected. For a perfectly ‘elastic5 response, the 
resultant stress is in phase with the applied strain; for purely ‘viscous5 
system, the stress is precisely 90° out of phase. For viscoelastic materials 
measured under shear, G5 is the elastic, or ‘storage5 modulus (in-phase 
component), and the viscous or Toss5 modulus (out-of-phase component) is 
G5.
The main function of agar in food applications is to control the rheology of 
the water phase. Agar has a thickening effect when dispersed in a water 
medium. This property is the basis for its use as thickening, stabilising and
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emulsifying agent in foods. It has also the ability to form gels under specific 
conditions of use.
In this study experiments were conducted to determine the effect of agar on 
the fish protein by rheology, DSC, microspy and water holding capacity.
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5.2. M A T E R I A L S  A N D  M E T H O D S
5.2.1. MATERIALS
Fish- and seaweed samples and the sources of supply from which the fish 
paste and agar were obtained are described in 2.2.1 and 4.2.1 of Chapters 2 
and 4 respectively.
Analytical grade sodium chloride was obtained from Fisons.
5.2.2. METHODS
One crucial feature of the fish protein-agar interaction is that whilst agar is 
cold setting (approximately 34°C) as demonstrated in Chapter 4 on the 
setting temperature of agar gel obtained from 0.1 M HC1 pretreated 
seaweed, fish protein gels on heating (approx. 60°C), and since agar gels 
once formed do not melt out significantly at temperature below appr. 86°C, 
the mixed gels we?paprepared by first heating the mixture to gel the protein 
and then cooling to gel the agar.
5.2.2.I. Sample preparation
Fish
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Fish mince from frozen horse mackerel (Trachurus capensis) or snoek 
(Thyrsites atun) fillets were prepared. For fish paste preparation, frozen 
fillets were partially thawed by storing on ice in the coldroom overnight. For 
each test 100 g of fish mince and sodium chloride (2%) were mixed by using 
an Omni homogeniser ; setting 6 for 4 minutes; bucket was placed in cold 
ice. The raw minced fish paste was placed in a polyethylene bag, transferred 
in ice to the testing room, and loaded into the Rheometer. Efforts were made 
to perform all tests the same day, and if not, samples were kept in ice inside 
a cool room until the next day.
The fish mince prepared above was subjected to moisture content 
determination by drying 2 g samples at 103°C for 4 hours in the oven and 
found to be around 75%. Also, protein content was determined by Kjeldahl 
method as Nx6.25 and found to be around 19%. All measurements were 
carried out in at least triplicate .
Resulting pastes, individually, as well as in the mixtures with agar, were used 
for rheological (large deformation and small deformation) testing, differential 
scanning calorimetric and microscopic analyses under specific experimental 
conditions as outlined below.
Agar
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1% (w/v) agar was dissolved in distilled water at approximately 90°C in a 
water bath.
5.2.2.2. Rheological measurements 
Principle
Rheology is defined as the science of flow and deformation of matter and 
therefore includes small deformation- and large deformation measurements. 
Any rheological experiment can, in principle, be carried out in two ways: 
either one can impose a small force (stress) and measure the deformation of 
the sample (strain) or conversely one can impose a fixed amount of 
movement (strain) and measure the stress developed in this sample. The 
latter regime is appropriate to small deformation measurements, since the 
strain is the control variable and the stress which is developed is dependent 
upon the nature of the sample and its intrinsic material properties.
Large deformations can be important in the creation and evaluation of food 
structure. The creation of structure will require processing and many 
processes, e.g. extrusion, will impose large deformations on the food 
material. In the evaluation of food structure, measurements made under 
conditions of large deformation can provide information complementary to 
that obtained in the small deformation range. Specifically, time and non­
linear viscoelastic effects will often be particularly significant at large strains
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and stresses. Fracture for many foods will occur at high deformation, though 
fracture may be observed at low strain levels with brittle foods or even with 
soft foods tested at high deformation rate.
Small Deformation testing
Equipm ent
Rheometrics Controlled Stress Rheometer 
Procedure
Fish paste or acid pretreated agar, or mixtures of fish paste and agar were 
subjected to small deformation testing on the Rheometrics Controlled Stress 
Rheometer using 40mm geometry, 1.0 mm gap, temperature and frequency 
sweep as follows:
The agar was heated on the rheometer at 90°C and cooled to 20°C at a 
heating rate of 2°C/min. The frequency sweep was from 1 to 100 rad/s at 
20°C, and at ayjequivalent stress obtained at final temperature of temperature 
sweep (e.g 20°C).
Fish paste on its own, or in the mixture with agar was heated from 20°C to 
90°C followed by cooling to 20°C. A frequency sweep was measured from 1 
to 100 rad/s at 20°C,at stress obtained at final temperature during 
temperature sweep.
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Large deformation testing
Equipm ent
TA-XT2 Texture Analyser 
Procedure
The same fish paste, agar, and fish-agar mixtures that were used in the small 
deformation testing were packed in stainless-steel tubes (30 x 12mm), 
capped at either end with rubber bungs (Howell & Lawrie, 1984), and 
submerged vertically in a water bath at 90°C for 30 min. The samples were 
cooled to room temperature and aged overnight at approximately 8°C prior 
to compression testing.
Gels were cut to uniform length (15mm) and placed on the TA-TX2 Texture 
Analyser platform for compression testing.
The samples were compressed with a cylindrical probe of 35mm diameter to 
a distance of 12 mm at a speed of 2 mm/s. The breaking strength was 
measured.
5.2.2.3. DIFFERENTIAL SCANNINING CALORIMETRY (DSC)
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DSC is a technique for measuring the temperature dependency of physical 
property (e.g. enthalpy)of a certain substance while varying the temperature 
of the substance according to a specific programme.
In the heat flux type DSC, a sample and a reference substance are put on a 
metal plate connected to a furnace which is a heat sink, and the temperature 
difference of the sample and reference substance is measured. Since the 
difference of heat flowing from the heat sink into the sample and reference 
substance is proportional to the temperature difference of the sample and 
reference substance, the heat flow (mJ/sec) is indirectly obtained by 
measuring the temperature difference.
Equipm ent
Setaram Micro DSC VII 
Procedure
Differential scanning calorimetry (DSC) of the sample (100% fish, 100% 
alginate, and various ratios of the mixture of fish and alginate namely 75:25, 
50:50, 25:75) were carried out by means of a Setaram Micro DSC VII. 616 
mg of each of the sample was placed in a pre-weighed DSC pan. Distilled 
water was used as a reference. The quantities of the reference material and
Principle
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the sample were made the same in order to obtain a flat base line. Prior to 
scanning,heat treatments were carried on the samples using the DSC by first 
taking the sample from room temperature to 10 °C hold there for 10 min. 
The temperature scan was 10° C to 90° C and the heating rate was 1.2° 
C/min. The cell was flushed with nitrogen.
Peaks in a downward direction were obtained for most scans indicating an 
endothermic heat flow. To obtain peak areas, baselines were constructed as 
a single straight line from the beginning to the end of the endotherm. The 
enthalpy of the reaction was automatically calculated by the DSC.
5.2.2.4. MICROSCOPY 
Procedure
Drops of the samples prepared for gelation and DSC studies were placed on 
acetone cleaned microscope slides, sealed with a cover slip to prevent 
dehydration and studied using a Leitz microscope fitted with a binocular 
eyepiece and a phase contrast annulus matching an objective of a different 
magnification. The microscope was attached to a Wild MPS 05 system 
comprising a camera and an exposure meter set on camera factor 0.32. The 
sensor was set for integrated metering of objects uniformly distributed.
5.2.2.5. Water holding capacity
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Water-holding properties of the gels were measured by a modified method of 
Jauregui et.a l (1981) as reported by Foegeding and Ramsey (1986). Briefly, 
1.5±0.1g fish paste, 1% agar (w/v), and various combinations of fish paste 
and agar were placed into pre-weighed thimble consisting of one piece of 
Whatman filter paper whose weight was recorded. After centrifugation at 4 
000 x g  for 20 min (4 °C) the filter paper was reweighed for added moisture. 
Moisture analysis (AOAC, 1980) of a noncentrifuged sample was used to 
determine the total-moisture prior to centrifugation. Free-moisture was the 
weight gained by filter paper and held-moisture was that remaining in the 
sample. All moisture were expressed as a percentage.
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5.3. RESULTS AND DISCUSSION
5.3.1. Rheological properties
5.3.I.I. Small deformation testing
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Table 5.1 - Small deformation studies (elastic modulus) of fish mince and
agar (1% w/v in water)
Ratio of 
fish: agar
100 : 0
Snoek/Agar 
G’ at 20°C after 
cooling (Pa)
28 478
Horsemackerel/Agar 
G’ at 20°C after cooling 
(Pa)
35 543
75 : 25 5 992 12 913
50 : 50 1 089 11 014
25 : 75 696 2 544
0 : 100 262 262
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Table 5.2 - The effect of agar (1% w/v in water) on the fish mince 
denaturation temperature
Ratio of Snoek/Agar Denaturation Horse
fish: agar Temperature (°C) mackerel/Agar 
Denaturation 
Temperature (°C)
100 : 0 51.7 47.7
75 : 25 43.7 50.3
50 : 50 49.7 54.4
25 : 75 87.0 87.0
0 : 100 36.0 36.0
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Table 5.1 and 5.2 show the various gel strengths, denaturation temperatures 
respectively, observed for fish paste, mixture of fish paste and agar, heated 
from 20°C to 90°C at 2 min per 1°, and then cooled from 90°C to 20°C.
On heating the gelation of snoek protein occured at 51.7°C,and that of horse 
mackerel at 47.7°C when both G5 and G” increase (Table 5.2).
It was observed in 75:25 mixture of either fish species with agar that the 
initial high moduli were due to the cold set gelation of agar since it has been 
gelled first. However, there were slight decrease as the temperature rose, 
until the fish protein started to gel at approximately 43.7°C, 50.3 snoek & 
agar, horse mackerel & agar respectively, when there were sudden increases 
in both G’ and G”.
As was the case with 75:25 mixtures (fish protein and agar),both the 50:50 
mixture s intial increase of modulus was due to agar, however fish protein 
gelation was shifted to approximately 49.7°C, 54.4°C for snoek and horse 
mackerel respectively and contributed to the increase in both G’ and G”. In 
the mixture of snoek-agar,horse mackerel-agar, at approximately 68°C and 
79°C respectively, during heating, the agar started to melt and contributed 
slightly to the decrease in G’ and G” though of shorter duration.
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It seemed that the protein component in the 25:75 mixture of snoek-agar 
was dispersed in agar to such an extent that instead of contributing to the G’ 
and G” increase at the temperature where the protein is supposed to start 
gelling, there was no increase at all. The result, however, demoltrated that 
the gel formed at the final temperature (20°C) after cooling was high than 
the one obtained for agar gel on its own at the same temperature.
The same mixture (25:75),made with protein from horse mackerel 
contributed to a very small increase of veiy short duration observed at 56°C. 
Table 5.2 demostrated that when 1% agar (w/v) was cooled from 90°C to 
20°C, gelation occured at 36°C.
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Figure 5.1a - Rheometer curve for fish mince (snoek)
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Figure 5.1a shows the typical curve obtained as a result of heating fish 
protein to which 2% NaCl per 100 g fish was added. The sample was heated 
from 20 °C to 90 °C at 2 min/l°, and then cooled from 90 °C to 20 °C.
The curve demonstrated that heating in the range of 20 to 47.8 °C caused a 
decrease in G’ values, which decreased below the initial value indicating that 
temperature effects overcame any effect due to the initial setting. The 
increase in elastic modulus until the end of the cooling temperature was 
observed at 49.1.
Figure 5.2a illustrates the frequency dependence of the storage (G’) and loss 
(G”) components of the shear modulus for 1% w/v agar gel measured at 
20°C after the setting. The frequency response is flat and typical of a well 
cross-linked gel. G’ is approximately 463 Pa and G” 12 Pa.
The agar gel (Figure 541) was quite heat stable up to around 80°C, but with 
prolonged heating above 85-90°C they melt substantially although not 
completely, and reform with a significant increase in modulus on further 
cooling to 20°C.
The frequency dependence of G’ and G” for fish protein and mixed gel 
systems are illustrated in Figures 5.2b and 5.2c respectively. The response 
for mixed gels (Figure 5.2c) was fairly flat (although more frequency
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dependent than for 1% w/v agar) and similar to that observed for fis.ft protein 
gel (Figure 5.2b).
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Large deformation testing
Table 5.3 - Gel strength of fish proteins with 1% (w/v) agar from large 
deformation testing.
Ratio of Gel Strength of Gel strength of
fish: agar Horsemackerel/agar snoek/agar
(g/mm) (g/min)
100:0 27315 22 034
75:0 3016 4391
50:50 2390 2075
25:75 1194 1069
0:100 95 95
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Force (g)
Figure 5.3a - Typical Texture Analyser curve of 1% (w/v) agar.
Figure 5.3b - Typical Texture Analyser curve of fish paste (snoek)
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The texture characteristics of 1% agar (w/v) gels, mixtures of fish-agar 
(75:25; 50:50 and 25:75), and fish gels obtained from Texture Analyser’s 
(T.A.) force-deformation curve are illustrated in Table 5.3. The typical T.A. 
curves of agar polysaccharide and fish protein are also illustrated in Figure 
5.3 (a) and (b) respectively. Table 5.3 shows that with an increase in agar 
component in the mixtures, simultaneous decrease in gel strength is 
observed. Also, in terms of gel strength, the results are showing the same 
trend as that obtained by small deformation testing (Table 5.1) in that the 
agar is reducing the fish gel strength.
Figure 5.3 (a) and (b) for agar and fish respectively, are clearly depicting the 
difference which is obtained on force-deformation curve when the basic 
nature of the gelling agent under examination are different. Both curves are 
indicating rapid decline following rupture, however, agar gel is characterised 
by subsequent plateauing reflecting shearing by further penetration of the 
probe. This post-rupture curve displaying secondary peaks was reported by 
Whyte and co-workers (1984) as indicative of non-homogeneity of the 
polymer extract.
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Figure 5.4a - Phase contrast micrograph for 1% (w/v) agar at lOx
magnification.
Figure 5.4b - Phase contrast micrograph for 75:25 ratio of 1% (w/v) agar
and native fish mince (snoek) at lOx magnification.
Figure 5.4c - Phase contrast micrograph for 50:50 ratio of 1% (w/v) agar 
and native fish mince (snoek) at lOx magnification.
Figure 5.4d - Phase contrast micrograph for 25:75 ratio of 1% (w/v) agar 
and native fish mince (snoek) at lOx magnification.
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Figure 5.5a - Phase contrast micrograph for 1% (w/v) agar at lOx
magnification.
Figure 5.5b - Phase contrast micrograph for 75:25 ratio of 1% (w/v) agar
and native fish mince (horse mackerel) at lOx magnification.
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Figure 5.5c - Phase contrast micrograph for 50:50 ratio of 1% (w/v) agar
Figure 5.5d - Phase contrast micrograph for 25:75 ratio of 1% (w/v) agar
and native fish mince (horse mackerel) at lOx magnification.
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5.3.2. Phase contrast microscopy
Figures 5.4a-d and 5.5a-d illustrate the interactions of snoek-agar and horse 
mackerel-agar respectively.
Both native fish proteins as well as agar gel micrographs appeared 
homogerftius, stained darkly and lightly for the former and latter respectively. 
In the mixed gels formed from the two components the dark areas (fish 
protein) and light areas (agar) seemed to form discrete domains. It can be 
seen that the microstructures were not homogeifbus, rather the micrographs 
showed regions of fish protein (dark), separated by light regions consisting 
mostly of agar , but with amounts of fish protein entrained within it 
depending on the ratio of addition and vice versa.
The agar component appeared to be slightly larger in the 50:50 
(snoek: agar)mixed gel, seemed to have distinct phase domains, although the 
boundaries were less pronounced.
The observed general appearance for horse mackerel showed the mixture to 
be less fine than snoek-agar interaction, more heterogenous, although both 
reflected the distribution of phases.
5.3.3. Differential scanning calorimetry (DSC)
Table 5.4 - Effect of temperature of the denaturation of horse mackerel-agar 
and snoek-agar interactions.
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Ratio of Horse mackerel Horse mackerel Snoek TD (°C) Snoek Enthalpy
fish: agar TD(°C) Enthalpy (J/g) (J/g)
100:0 65.16 0.2007 62.59 0.2182
75:25 65.87 0.0311 62.35 0.1308
50:50 66.19 0.0468 61.95 0.0894
25:75 66.55 0.0065 60.95 0.0376
0:100 64.75 0.0150 64.75 0.0150
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Figure 5.7 - Typical DSC thermogram for fish mince (snoek without 2%
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Results of differential scanning calorimetry of the interactions of horse 
mackerel and agar, snoek-agar are illustrated in Table 5.4, and the DSC 
typical thermograms of agar, snoek and horse mackerel are illustrated in 
Figure 5.6a-c respectively. The ability of heat to denature protein and/or 
change conformation of agar is suggested by the DSC thermograms which 
give information concerning both the temperature and heat required for 
thermal transitions.
As the structure of a protein is dependent upon a fine balance between 
protein-protein and protein-solvent interaction, any factors influencing either 
of these can significantly alter the inherent stability of the protein molecule. 
Of particular importance in this respect are factors such as solvent 
composition (pH and ionic strength) and structure perturbants (stabilisers 
and denaturants).
The results illustrate slightly higher temperature of denaturation for horse 
mackerel whilst decreasing slightly for snoek respectively (Table 5.4). The 
denaturation temperature for horse mackerel was observed at 65.16 °C 
whilst that of snoek were found at 62.59 °C. The consequence is that horse 
mackerel requires the greatest amount of heat for the thermal transition.
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The first thermal transition for horse mackerel at 47.46 obtained by DSC 
(Figure 5.6c) correlates well with the temperature of horse mackerel gelation 
obtained at 47.7 by small deformation rheological method (Table 4.2(b).
When salt was exluded from 100% snoek to study whether or not there is 
any shift in the temperature of denaturation, it was observed that 
temperature of denaturation was stable at around 65°C (Figure 5.7) whereas 
in 2% NaCl-added snoek it was decreased to 62.6 °C (Figure 5.6b). This 
result is consistent with the work of Lim (1976) who observed that 
increasing salt concentration resulted in a simultaneous decrease in both 
enthalpy and denaturation temperature.
The DSC thermograms correlate well with the studies done on small
kdeformation rheological methods (Table 4.2(b), in that were molecular 
change due to the unfolding of proteins in former occured, this is where the 
initial increase in elastic modulus occured in the latter. This change is a 
combination of endothermic reactions, such as breakup of hydrogen bonds, 
and exothermic reactions, such as protein aggregation and the breakup of 
hydrophobic interactions (Privalov and Khechinashvili, 1974; Evans et 
al, 1979). The endothermic nature of the thermogram is an indication of the 
very large contribution of the disruption of hydrogen bonds.
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When all the results are analysed, it is evident that the opposite of salt 
addition is happening. The increment in the agar ratio of horse mackerel-agar 
; enhanced the structural stability of the protein, whereas agar 
slightly destabilised snoek proteins.
It was observed that horse mackerel has higher denaturation temperatures 
than snoek at all combinations.
At 25:75 (protein:agar) combination for both species, a higher temperature 
of denaturation for horse mackerel was found at 66.55 °C, whilst only 60.95 
°C was observed for snoek. The result suggests that inherent properties must 
be present especially in the muscle, which are contributing to these 
differences. When the DSC results are considered in relation to the other 
methods used, both small deformation- and large deformation rheological 
techniques (Figures 5.1 and 5.2) and Figure 5.3 respectively, show higher 
gel strength and breaking strength for horse mackerel than snoek. Similarly, 
phase contrast microscopy show less homogeneous microcrystalline 
structures for horse mackerel than snoek. The only explaination, 
observed macroscopically, '
was the presence of collagen which w^S clearly visible in horse mackerel, 
whilst snoek fish mince showed homogeneity and smoothness.
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Table 5.5 - Water holding capacity of fish proteins and agar interactions. 
Ratio of fish.agar Horse mackerel-agar Snoek-agar (%)
100:0 92.6+0.025 91.4+0.003
75:25 82 .1+ 0.009 74.4+0.041
50:50 66.9± 0.036 57.7+0.006
25:75 47 .7+ 0 .056  42 .4+ 0.018
0:100 47 .7+ 0 .154  47.7± 0.154
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5.3.4. Water-holding capacity
The water-holding capacity of fish-agar /V U illustrated in 
Table5.5. The ability of gel matrices to hold fluids when subjected to 
centrifugal force were investigated. The results showed a general trend in 
decrease of held moisture with increment in the ratio of agar. The results 
shows high water holding capacity for fish protein on its own and low for 
agar. The results showing low water holding capacity of agar
correlate well with rheological properties such as gel strength wA (c U 
decrease with the increment of agar component. The results are consistent 
with other studies (Wallingford and Labuza, 1983) which observed agar to 
have fairly low water holding capacity when compared to carrageenan and 
guar gum for instance.
Conclusion
The addition of 1% (w/v) agar to fish mince, both snoek and horse mackerel, 
delayed the denaturation temperature of the proteins as evidenced by 
rheology and DSC results. This was caused by phase separation of the 
mixture which was clearly identified by microscopy.
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CHAPTER 6
ALGINATE
6.1 INTRODUCTION
There is a growing interest in using polysaccharide gums as fat substitutes and 
water binding and thickening agents in fresh and processed meat products. One 
of most common polysaccharide  ^used is alginate, an anionic polysaccharide 
composed of guluronic and mannuronic acids. The detailed structure and 
physical-chemical properties are described in detail in section 4.1.1. Because of 
its excellent gelation and water holding properties, alginate is used in many food 
products such as breading mix, dairy foods, sauces, and processed meats 
(McDowell, 1975; Abd El-Baki et al, 1981). Calcium alginate is used as meat 
binding agent in restructured meats (Means and Schmidt, 1986; Means et 
al, 1987).
Products manufactured with the alginate gelling system have acceptable binding 
strength in both raw and cooked meats, allowing for marketing of these products 
in fresh and refrigerated form.
Interactions between proteins and polysaccharide gums are of vital importance 
to the texture of gum-containing foods (Morris, 1973). Thus an understanding
INTERACTION OF FISH PROTEIN WITH SODIUM
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the mechanisms of gum-protein interactions during gelation is important for 
achieving desirable binding characterestics in restructured meat products and for 
controlling processing conditions.
6.1.1. Protein-polysaccharide interactions.
In an alginate-added meat system, protein molecules could interact with alginate 
to form a composite gel. Since alginates cany negatively charged carboxyl 
groups, at the pH of meat (5.5-5.6), the interaction with positively charged
amino groups of proteins may be expected. Furthermore, hydroxyl groups in 
alginates may interact with side-chain polar amino acids or peptide bonds via 
hydrogen bonding, imparting additional binding strength.
Under acid conditions, proteins interact with sodium alginate (Imeson, 1984). 
The interaction is considered to be electrostatic in nature as non-ionic 
polysaccharides do not show any pH-dependent changes in behaviour with 
proteins The strength of the interaction between proteins and alginates increases 
to a maximum as the pH is reduced (Imeson et al, 1977). When heated at acid 
pH, alginate destabilises proteins so that they denature at a lower temperature 
than the protein in isolation, and stable, soluble high molecular weight 
complexes are produced. This means that caution should be excercised when 
heating solutions of alginate with proteins, particularly at acid pH. In 
agreement,however, a study by Ensor et a l,(1991) reported a destabilising
193
effect of calcium alginate on beef muscle proteins as studied by differential 
scanning calorimetry.
Alginate solutions, like most other polysaccharides, decrease in viscosity with an 
increase in temperature. Over a limited range the viscosity of an alginate solution 
decreases by approximately 12% for each 5.5°C increase in temperature. 
Heating of sodium alginate solutions results in some thermal depolymerisation 
and the amount of depolymerisation is dependent on time, temperature and pH. 
The lower the pH, the faster the degradation at elevated temperature. 
Temperature reduction causes a viscosity increase in an alginate solution but 
does not result in gel formation.
Because of the interesting property of gel formation in the presence of divalent 
ions, the alginates have a large number of applications particularly in the food 
industry. Alginate gels are of particular interest, because, as a divalent ion is 
necessary to promote gelation, it is possible to alter the concentration of 
crosslinks in the gel independently of the polymer concentration. The results 
should therefore be more amenable to interpretations than those obtained for the 
thermoreversible gels.
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The purpose of this study is to investigate the effect of sodium alginate on fish 
protein by rheological, differential scanning calorimetric and microspic methods.
6.2. MATERIALS AND METHODS 
6.2.1 MATERIALS
The sample of sodium alginate was extracted from brown seaweed, Laminaria 
schinzii as described in section 4.2.1.2. Fish paste from horse mackerel 
(frachurus capensis) and snoek (Thyrsites atun) obtained as described in 
section 5.2.2. were used in this investigation.
6.2.2. METHODS
The combination of 1% sodium alginate and levels of calcium carbonate which 
gave the optimum gel strength in section 4. 4. was used in this study. Also, to 
determine whether the decrease in the gel strength of fish protein is caused by 
the inclusion of calcium together with 1% sodium alginate, sodium alginate 
without calcium carbonate was also used to investigate the interaction with fish 
proteins.
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6.2.2. J. Preparation of sodium alginate gel
Sodium alginate gel was prepared as follows:
lg of sodium alginate was added slowly to 70 ml of distilled water and subjected 
to constant stirring until all the polysaccharide had dissolved. Calcium 
carbonate (O.lg) and 0.3 g glucono-delta-lactone were dissolved in 30 ml of 
distilled water. The latter solution was then added to the solution of sodium 
alginate with vigorous stirring. After some minutes, the exact time depending 
upon the composition, the mixture began to thicken. This 1% sodium alginate 
gel, prepared in a pH range 3.5-4.0 was used in subsequent experiments.
6.2.2.2. Preparation of fish protein-sodium alginate mixed gels.
Sodium alginate gel, prepared as outlined above was combined with fish proteins 
in the protein-alginate mixture, in various ratio (75:25; 50:50; 25:75) and 
subjected to either rheological (small- and large deformation testing), differential 
scanning calorimetry and microscopic methods. Since the details of the methods 
were explained in Chapter 5, only a brief description will be given below.
6.2.2.3. Small deformation rheological testing
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Small deformation rheological properties during gelation were monitored with 
the Rheometrics Controlled Stress Rheometer with a parallel plate (40 mm). The 
gap between the plates was adjusted to 1 mm. After the sample was set between 
the plates, liquid paraffin was put on the sides to prevent drying. Samples were 
heated from 20 to 90 °C at a rate of 2°C. The storage modulus G’ and the loss 
modulus G” were measured every 3 s.
6.2.2.4. Large deformation rheological testing
For texture analysis, a 1% sodium alginate gel, fish paste, and fish paste-sodium 
alginate mixtures were heated in a water bath at 90 °C for 30 min, aged for 24 h 
at about 10 °C, left for 1 h at room temperature before large deformation 
rheological measurements were performed.
6.2.2.5. Differential Scanning Calorimetry
DSC was undertaken as described in section 5.2.2.3.
6.2.2.6. Phase Contrast Microscopy
Phase contrast microscopy was undertaken as described in section 5.2.2.4.
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Table 6.1: Effect of sodium alginate (1% w/v) and calcium carbonate (0.1%
w/v) on fish proteins
Ratio of fish: Horse mackerel G’(Pa) Snoek G5 (Pa)
alginate
0:100 70 70
25:75 1927 3215
50:50 4419 7111
75:25 12604 21155
100:0 72019 63467
6.3. RESULTS AND DISCUSSION
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Table 6.2: The effect of Ca-free sodium alginate on the gelation of snoek.
Ratio of Gel strength (Pa) at 20 °C
Snoek:Sodium alginate
0:100 0.0426
50:50 14 399
75:25 31 620
100:0 102 220
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6.3.1 Rheology
The gel strength obtained as a result of the interaction of fish proteins and 
sodium alginate is illustrated in Table 6.1. Indicators of protein-polysaccharide 
interactions include changes in protein structure and thermal stability and 
inhibition of protein gelation.
The results for the interaction between horse mackerel and sodium alginate, as 
well as snoek and sodium alginate demonstrate that as the sodium alginate 
concentration is increased, a lowering of the fish protein gel strength was 
observed. This decrease in G5 was accompanied by an increase in the 
temperature of protein denaturation.
Imeson and co-workers (1977) reported electrostatic interactions between 
protein and sodium alginate, when the former is at the acid pH level, and that the 
mixture formed firm resilient gels.
An increase in product binding strength between meat and sodium alginate 
(containing calcium carbonate) was observed by Clarke and co-workers (1988) 
when the pH values decreased from 6.4 to 5.4, and at lower pH values the 
binding strength remained essentially constant.
In this experiment (Table 6.1 - 6.2, Figure 6.1.), it was confirmed that when 
sodium alginate is added to fish proteins at native pH no increase in gel strength
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should be expected. The decrease in gel strength observed as a result of sodium 
alginate addition to the fish protein, may possibly be attributed to the pH of the 
fish protein (6.5-7.0) at which the experiment was performed. Mitchell and 
Blanshard (1974) reported sodium alginate gel with a pH of approximately 3.5 
to exhibit considerable syneresis. Under similar conditions (pH 4.0), Littlecott 
(1982) observed that alginates by themselves form gelatinous precipitates with 
syneresis. Taking these observations into account, it can be speculated that since 
fish proteins were at a pH close to neutral, and the gel formed when sodium 
alginate is the predominant component of the interaction, it is reasonable to 
expect high a level of syneresis, which will then contribute to the decrease in gel 
strength.
Other studies have shown that processing of high moisture alginate systems at 
moderate temperature (< 110°C) results in depolymerisation and solubilisation, 
to an extent which is dependent on the temperature and duration of heating 
(Oates and Ledward, 1990). It was reported that subjecting the polysaccharides 
to heat can result in a substantial loss in viscosity and gel strength, the decrease 
being strongly dependent on pH (far lower at neutral pHs than acid pHs) (Pilnik 
and MacDonald, 1968; Bradley and Mitchell, 1988).
The effect of sodium alginate (without calcium carbonate) on the gelation of 
snoek is illustrated in Table 6.2. It is believed that the protein-calcium complex
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causes increased firmness, but weakens the H-bonds which stabilise protein- 
water binding, resulting in increased syneresis (Lee, 1991). Hughes and co­
workers (1980) reported that both the polysaccharide and the protein will 
interact with the calcium ions, and in addition protein-polysaccharide 
interactions may occur that may or may not involve calcium ions. Calcium can 
interact with proteins, and if the amount is very high, promotes syneresis of 
protein gel. It may also interact with alginates and inhibits the formation of 
calcium alginate crosslinking reaction.
A study to investigate whether the exclusion of calcium carbonate resulted in 
the increase of gel strength was performed, however, on the contrary, the 
obtained results shows no significant increase of gel strength (Table 6.2)
The above small deformation rheological method of looking at the effect of 
sodium alginate, enabled investigation of a thermally induced protein gelation 
which is a multistep process of denaturation, aggregation, and formation of gel 
structures. Synergistic interactions in terms of increase in gelation were not 
observed (Table 6.1) between fish protein and sodium alginate. However, the 
interaction may find application and is appropriate when attempting to formulate 
new food products with soft texture such as infant foods.
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Figure 6.1 - Gel strength of fish-sodium alginate gel (red = horse 
mackerel/sodium alginate; blue = snoek/sodium alginate) analysed by 
compression (12 mm) using a Texture Analyser TAX-T2
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The hardness of the mixed gels (fish proteins and sodium alginate) were 
characterised by stress at which the samples broke under compression and the 
results are illustrated in Figure 6.1. Results show that snoek and horse mackerel 
attain their maximum hardness at around 5075 and 6188g respectively, whereas 
sodium alginate alone and the 25:75 (snoek:sodium alginate) combination could 
not be measured because they were too weak. The possible explanation why 
sodium alginate could not stand on its own to be measured, is that 0.1% calcium 
carbonate induced rapid gelation; introduced network which can withstand small 
strains, but not stress. The overall cohesion of the gel was low to be measured 
with that stress. In both cases of fish proteins, the hardness then decreased with 
an increase in sodium alginate.
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The results showed that fish proteins were more readily disrupted if sodium 
alginate were added. This was consistent with the results obtained by small 
deformation testing (Table 6.1). Sodium alginate markedly reduced the force 
required to rupture the gel, like the reduction in gel strength which was evident 
at higher ratio of sodium alginate (Table 6.1). These results indicated that 
sodium alginate interfered with fish protein gel structure formation (Table 6.3)
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Table 6.3: Effect of sodium alginate on the denaturation temperatures of fish
6.3.2. Differential scanning calorimetry (DSC)
1 uivuio.
Ratio of Snoek TD Snoek Horse Horse
fish: sodium (°C) Enthaly mackerT mackerel
alginate (J/g) Td(°C) Enthalpy
100:0 56.25 0.1584 65.14
(J/g)
0.3204
75:25 54.79 0.2499 62.04 0.1622
50:50 40.50 0.7834 62.11 0.6028
25:75 42.60 0.5154 54.16 0.1770
0:100 54.76 0.0119 54.76 0.0119
The effects of sodium alginate on the fish proteins gelation are illustrated in 
Table 6.3. The effect was found to be more pronounced and with the increment 
of sodium alginate, the temperature of protein denaturation was observed to 
decrease.
Sodium alginate gel alone produced two peaks, minimum and maximum at 
22.1°C and 54.8°C.
Sodium alginate was found to thermally destabilise each of the fish protein- 
sodium alginate combinations. The degree of destabilisation varied according to
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the proportion of sodium alginate in the mixture, although it was found to 
increase with sodium alginate increment.
Muscle protein gelation is thought to consist of multiphase reactions involving 
the initial protein structure unfolding (denaturation), followed by the 
aggregation of the polypeptides which gradually proceeds to form an infinite gel 
network (Ziegler and Foegeding, 1990). When aggregation step was monitored 
by DSC, in the absence of sodium alginate, protein-protein association began at 
43.7 and 47.5 for snoek and horse mackerel respectively, however, addition of 
sodium alginate at all levels caused no appreciable changes in aggregation 
pattern, or the onset temperature for aggregation. This indicates that sodium 
alginate did not affect fish protein at this phase.
The fact that sodium alginate altered the rheological characteristics of the fish 
protein gelling suspension in terms of decrease in gel strength as illustrated in 
Table 6.1, though did not affect protein aggregation could be explained at least 
by two possibilities: It can be assumed that there were minimal fish protein- 
sodium alginate interactions in the initial phase of the fish protein gelation (i.e. 
structural unfolding and intermolecular crosslinking). However, as the gelling 
point was approached (infinite crosslinks), sodium alginate interfered with the 
gel network formation (e.g. through entanglement).
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Figure 6.2: Typical DSC thermogram of sodium alginate (1% w/v)
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Figure 6. 3a: Phase contrast micrograph for native fish mince (horse mackerel)
Figure 6. 3b: Phase contrast micrograph for 75:25 ratio o f native fish mince
(horse mackerel) and 1% (w/v) sodium alginate at lOx magnification.
208
Figure 6. 3c: Phase contrast micrograph for 50:50 ratio of native fish mince
(horse mackerel) and 1% (w/v) sodium alginate at lOx magnification
Figure 6. 3d: Phase contrast micrograph for 25:75 ratio of native fish mince
(horse mackerel) and 1% (w/v) sodium alginate at lOx magnification
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Figure 6. 3e: Phase contrast micrograph for 1% (w/v) sodium alginate at lOx
magnification.
Figure 6. 3f: Phase contrast micrograph for 75:25 ratio of 1% (w/v) sodium 
alginate and native fish mince (snoek) at lOx magnification
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Figure 6. 3g: Phase contrast micrograph for 50:50 ratio of 1% (w/v) sodium
alginate and native fish mince (snoek) at 1 Ox magnification
Figure 6. 3h: Phase contrast micrograph for 25:75 ratio of 1% (w/v) sodium
alginate and native fish mince (snoek) at lOx magnification
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6.3.3. Phase contrast microscopy
The micrographs obtained as a result of interaction between raw fish protein and 
sodium alginate interaction are illustrated in Figures 6.3a-h 
The micrographs shows dark and light areas for fish proteins and sodium 
alginate respectively. Mixtures of fish proteins and sodium alginates showed 
phase separation. Fish proteins were entrapped in sodium alginate when the 
latter is the greater proportion in the combination and vice versa.
The 50:50 mixtures of either horse mackerel with sodium alginate or snoek 
with sodium alginate depicted equal distribution of both components; finer 
micrographs of less heterogenous nature, and the boundaries are less 
pronounced, although from the colour intensity one can see the phase 
separation.
In a 25:75 (fish protein: sodium alginate) mixture, sodium alginate was found to 
form continuous network whilst particle of fish proteins dispersed and the 
inverse of this was observed in 75:25 (sodium alginate:fish protein) combination.
In protein-polysaccharide systems, many parameters such as solvent conditions 
(pH, ionic strength etc.), the chemical structure of the polysaccharide; its 
molecular weight and conformation; the type of protein etc. are known to be 
involved in the separation process (Doublier et al, 1996).
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It was demostrated (Table 2.3) that the optimum myofibrillar proteins can be 
extracted with 5% NaCl, whereas sodium alginate dissolves readily in water, and 
since the behaviour of phase separation is explained in terms of compatibility of 
polymer and solvent, one may speculate that the phase separation of fish protein 
and sodium alginate mixture observed in the micrograph may be partly attributed 
to the incompatibility of water as a solvent for fish proteins.
This microstructural observation reflects the results obtained by rheology (Table
6.1), in that the mixed gel is less viscous due to the inclusion of sodium alginate. 
It has been found that two-phase systems are always less viscous than single­
phase systems with the same protein content and temperature. Presumbly, this 
results from a lubricant effect of the interfacial layer with a viscosity lower than 
that of the system phases at low shear rates (Suchkov et al, 1981).
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CHAPTER 7
FINAL DISCUSSION AND CONCLUSION
The preceding chapters elucidated the physico-chemical properties of fish 
proteins (horse mackerel and snoek) and seaweed polysaccharides (agar 
from Gracilaria verrucosa and sodium alginate from Laminaria schinzii) 
and also investigated the interaction of fish protein with agar or fish protein 
with sodium alginate by rheological, DSC and phase contrast microscopic 
studies with a view to applying them in commercial food products.
Physico-chemical properties ofpelagic fish
Postharvest biochemical changes in fish are important features that must be 
taken into account when attempting to obtain proteins of superior 
functionalities. In addition, processing parameters must be modified to 
extract protein of good functionality such as gel strength and texture. In this 
respect, the optimum protein concentration can be obtained when 5% NaCl, 
pH 7.2 is used (Table 2.3). Although this was observed on model studies on 
myofibrillar samples, which are not used in the industry, the results provided 
insight into the functional behaviour of fish proteins in general and can be 
extended to industrial scale.
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The postharvest biochemical changes in fish are well-known, although these 
differ from species to species. One of the problems leading to the non- 
acceptance and under-utilisation of dark muscle fatty pelagic fish such as 
horse mackerel, is the reduction of pH to the acidic level due to the 
glycolysis, resulting in bad odour and smell. The purpose of the buffer 
solution (5% NaCl, pH 7.2) was not only to obtain optimum protein 
extractability as it was shown by the results, but also to increase the pH up 
to an acceptable fish processing pH of 6.5-7.0.
The proximate composition of snoek and horse mackerel was found to be in 
agreement with other studies (Table 2.5). The protein^content of around 
18% were found to be slightly lower, although this may be attributed to 
seasonal variation. The lipid and moisture contents were observed to be
(y
inverse'related and are consistent with the reported values (Bykov, 1985). 
The fatty acid composition illustrated the predominance of the omega-3 
polyunsaturated fatty acids, notably eicosapentaenoic acid (EPA) and 
docosahexaenoic acid, in addition to palmitic and oleic acids(Table 2.6). The 
beneficial effects of these fatty acids on human health such as reducing the 
risk of coronary disease are well documented (Kinsella, 1986).
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Snoek and horse mackerel were characterised by polyacrylamide gel 
electrophoresis (Figure 2.2). Although the myosin heavy chain was not 
observed on the electrophoretic pattern of snoek , probably due to 
denaturation during transport from Namibia, this is of no major significance 
in the species identification, since it is a component of myofibrillar protein. 
The main differences in the eletrophoretic patterns of horse mackerel and 
snoek were due to the sarcoplasmic proteins which should facilitate species 
identification. Additional protein bands were observed for the horse 
mackerel protein extracts.
The effect of processing parameters on the gelation of horse mackerel 
demonstrated that the total protein content and water holding capacity are 
affected by the pH of the leaching water (Figure 3.1 and 3.2). Gel strength 
was observed to be influenced by the tetrasodium pyrophosphate (TSPP) 
concentration. The folding properties and the water holding capacity were 
observed to decline considerably when the pH values were less than about
6.5.
Physico-chemical properties of seaweeds polysaccharides
Polysaccharides (agar and sodium alginate) of good functionalities were 
successfully extracted from seaweeds. Notwithstanding the external
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limitations imposed by seasonal variation, habitat, part of the sample (e.g 
stipe, frond etc) parameters such as pre-treatments were optimised to obtain 
polysaccharides of higher gel strength compared with crude extract. The 
purpose of pretreatment was to remove impurities such as cellulose and 
sulphate from agar, and non-alginate fractions such as fucoidin, and other 
phenolic compounds from sodium alginate, which are responsible for 
degradation of the final product.
Pretreatment of red seaweed, Gracilaria verrucosa with 0.1M HC1 
concentration which gave agar of optimum gel strength and yield (Table
4.1). What was found interesting is the fact that there were significant 
differences found in the sulphate content (0.1%) of non-treated and treated 
agars by traditional colourimetric techniques (Table 4.1). This observation 
was also confirmed by both the FTIR Raman spectrum (Figure 4.11) as 
well as the NMR spectrum (Figure 4.10). However, the differences in gel 
strength obtained by small deformation rheological testing were significant 
and found to be 798 Pa for non-treated and 8741 Pa for 0.1M HC1 treated 
agar. The optimum HC1 pretreatment (0.1M HC1) also resulted in the 
increase of 3,6 anhydrogalactose, which contributes to the increase in gel 
strength (Figure 4.8).
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Sodium alginate of around pH 6.5-7.0 was successfully prepared from 
Laminaria schinzii. In the case of sodium alginate where gel strength is a 
function of divalent cation such as calcium, attempts were made to 
investigate at what level the best results will be observed (Table 4.4). Since 
different sodium alginate extracted from different seaweed species require 
different level of calcium to gel, it was of paramount importance to establish 
the level required to gel. Sodium alginate from Namibian brown seaweed, 
Laminaria schinzii which was observed to have higher content of guluronic 
acid than mannuronic acid (Figure 4.12) Since guluronic acid has high gel 
forming capacity than mannuronic acid, only calcium level of 0.1% was 
found to be suitable to enhance optimum gel strength (Table 4.4).
Fish protein-seaweedpolysaccharides interactions
Once the desired functional properties of fish proteins and seaweed 
polysaccharides were obtained, the interaction of the two polymers, namely 
proteins and polysaccharides was investigated. Cognizant of the previous 
studies in this field, these Namibian samples were investigated to ascertain 
whether or not the interaction could contribute to new food product 
development. Proteins and polysaccharides are reported (Stainsby, 1980) to 
interact quite generally and non-specifically, provided they are close enough, 
and can create junctions which are due solely to non-covalent bonding. Ionic
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bonding, under suitable conditions of pH and ionic strength is one form of 
such interaction, although it is restricted to charged polysaccharides.
The results in (Table 5.1) showed no synergistic increase in gel strength 
when fish proteins were mixed with agar. Instead, there was a decrease in 
gel strength with agar increasing concentration. This resulted from phase 
separation of fish proteins and agar which was clearly indicated by phase tnxst 
microscopy studies (Figure 5.4 and 5.5).
Imeson et a l,(1977) reported an electrostatic interaction between some 
anionic polysaccharides such as alginate at pH 6 and bovine serum albumin 
at pH 4.9 following heat denaturation. In contrast, in the present study both 
the fish proteins and agar were at pH 7 or sodium alginate at pH 4.0.
Therefore it is envisaged that there was repulsion between the incompatible 
polymers in the former interaction or increase in syneresis in the latter which 
resulted in phase separation. It should be noted that the horse mackerel and 
snoek are fish containing about 3.5-4.0% fat (Table 2.5) which may 
influence the interaction with the polysaccharides. However, studies 
undertaken by Howell and Copeland (EU Report 1996) also indicated 
similar results with a mixture of lean whiting fish and carrageenan or sodium 
alginate. In addition to the reduction of gelling properties of fish proteins in 
the presence of the polysaccharides, the protein denaturation temperature
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was also affected as judged by DSC. In the fish proteins-sodium alginate 
interaction, the temperature of denaturation of horse mackerel mince was 
shifted from about 65°C to 54°C in the 25:75 fish-sodium alginate 
combination, and snoek from about 56°C to 43°C in the same combination 
(Table 6.4).
The interaction between fish protein and sodium alginate may only be 
enhanced if the forces that stabilise the polysaccharide gel structure are 
compatible with those present in the food protein gels. In this case, 0.1% 
calcium salts induced optimum sodium alginate gel, whereas it is believed 
that the protein-Ca2+ complex causes increased firmness, but weakens the H- 
bonds which stabilise protein-water binding, resulting in increased syneresis 
(Lee, 1991). The effect of calcium on fish proteins was also observed in the 
processing of fish mince, which showed a decrease in the water holding 
capacity (Figure 3.6).
An experiment was performed with 1% sodium alginate without calcium to 
ascertain whether the exclusion of calcium might result in the increase of gel 
strength. However, an increase in the gel strength of fish protein-sodium 
alginate interaction was not observed (Table 6.2).
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There are two other patented processes for interacting sodium alginate with 
meat proteins (Earle & McKee, 1976), but these could not be performed at 
the laboratory scale for logistic reasons. Essentially, one is to spray the fish 
protein with sodium alginate and then followed by CaCl2 solution to produce 
a continous film around the fish part. The other process (Schmidt & Means, 
1986) suggested powdered sodium alginate and powdered calcium carbonate 
to be used with comminuted meat when attempting to prepare sodium 
alginate gel structured meat products. However, this method was not 
practicabe to use.
Like the agar, the studies on fish protein and sodium alginate interaction 
showed advantages relating to the mutual interaction and entanglements of 
the polymers such as decreasing the temperature of denaturation, water 
holding capacity (Table 5.5), lower protein viscosity and showed phase 
separation which are novel features that can be used in the new food product 
development.
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